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INDUSTRIAL HORIZON 


A? THIS is being written, the 
pending cease-fire negotiations 
in Korea create areas of uncertainty 
in the industrial and business scene. 


Already, there is powerful pressure 
against the continuance of defense 
controls on the theory that the emerg- 
ency will soon be over. The current 
sluggishness in consumer-goods sales 
is another motivation. 


But the hard core of the situation 
is this: Irrespective of the results in 
the Korea negotiations, we are com- 
mitted to a continuing heavy re-arma- 
ment until -and allies in 


we- our 


and New NPA Orders 


Western Europe—are strong enough 
not only to resist but to discourage 


aggression. 


Defense spending therefore will 
continue to mount above existing lev- 
els. If the Korean situation becomes 
stabilized, however, the rate of mili- 
tary spending may slow up somewhat. 
And this may serve to release some 
materials and possibly manpower for 
civilian output. 

This seems to about spell out the 
situation for the foreseeable future— 


with the usual cautionary glance 
around the corner for all-out war. 


Here is a quick statistical round- 
up: Industrial purchasing agents 
(monthly survey-report National As- 
sociation of Purchasing Agents) find 
continued slackening in business con- 
ditions for June. “Defense orders are 
not filling the gap,” says the report, 
which about tells the story succinctly. 


But this situation has to be related 
to the total level of industrial pro- 
duction, which (Federal Reserve In- 
dex) again touched the postwar peak 
in June—223 per cent. Apparently, 
the purchasing agents report reflects 
the slump in consumer-goods busi- 


The 1951 Picture for Selected Groups of Electrically Operated Products 


These bar charts show factory shipments in millions of dollars estimated fer 1951 as against 1947 to 1950 per- 
formance and prewar (1939) levels. Compiled by Market Research Department of ELECTRICAL MANUFACTURING 
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| 
The fault 
; 
Bolt holes too close to edge. 





Metal-working tolerances ap- 
plied to gasket thickness, diame- 
ter, length, width, etc. 


| 


+.002 
—/- - 2.000 


Very small bolt holes... 


(o——2] 


or small non-circular openings. 
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How to remedy common errors 


in gasket design 


The reason 


Gaskets so designed are expen- 
sive to make as well as expen- 
sive to use. They break easily 
during stripping and center pick- 
ing and are easily damaged in 
transit. Often such gaskets also 
demand careful handling during 
assembly. 


Close tolerances involve special 
dies, extra manufacturing opera- 
tions, and special sorting and in- 
spection. This delays deliveries 
and increases costs. 





Centers from such holes prob- 
ably require hand-picking. Be- 
cause small holes are easy to 
miss, extra inspection must be 
employed, Naturally, this slows 
down gasket production and in- 
creases gasket costs. 





re 





moe cost... 





The remedy 





a. An “ear”; strengthens gasket. 





Specify realistic tolerances. In 
most cases, a resilient gasket is 
entirely satisfactory if held no 
closer than + .010”, even on 
metal parts that must be held 
to + .002”. Try standard or 
commercial tolerances before 
concluding that special accu- 
racy is necessary. 


Avoid hole sizes under *42” di- 
ameter. If hole is for indexing or 
positioning, it may be possible 
to change to a small notch, 


You'll find other helpful information on the design and 
use of gaskets in “Armstrong’s Gasket Materials.” This 24- 
page manual discusses subjects such as designing gaskets to 

i designing flanges for efficient sealing .. . 
the effect of surface condition on gaskets, and many others. 

You'll find, too, up-to-date information on Armstrong's 
various sealing and friction materials. Included are govern- 
ment and SAE-ASTM specifications. See this manual in 
Sweet’s file for product designers. For a personal copy, 
write Armstrong Cork Co., Gaskets and Packings Dept., 


9508 Arch Street, Lancaster, Pennsylvania. 








Armstrong's Gasket Materials 














ness and the lack of distribution of 
defense contracts throughout all seg- 
ments of industry. 

















Copper outpue (crude) dipped to 
79,884 tons in June as against 89,- 
609 in May . . . Refined supplies 
continue very tight . . . Suspension 
of the 2¢-per-lb import duty until 
1953 may stimulate imports. 
























































April production of styrene mold- 
ing resins (U.S. Tariff Commission) 












Note: Complete copies of the orders noted 
here are obtainable without charge from the 
Office of Public Information, National Pro- 
duction Authority, U.S. Department of Com- 
merce, Washington 25, D.C. NPA also makes 
available (at an annual subscription of 
$2.50) its “Defense Production Record,” an 
official weekly summary of NPA orders and 
other defense production news. 






























































Allotment Numbers: New allotment 
numbers, symbols and DO ratings have 
been assigned by the Defense Produc- 
tion Administration and are to be 
used under the Controlled Materials 
Plan (CMP) and authorizations under 
other NPA regulations and orders. 

Aluminum: Amended basic order 
M-68 (covering production of pas- 
senger cars) may now limit use of alu- 
minum castings and forgings, previ- 
ously not covered by order. 

CMP—Basic Rules: Directive No. 2 
under CMP Reg. 1 covers assignment 
to controlled materials producers of 
rating authority to obtain production 
materials other than controlled. 

Chemicals: Sebacic acid, basic to 
the production of nylon _ plastic, 
polyesters, and other plastics materials, 
goes under allocation under M-45, re- 
quiring producers to obtain NPA au- 
thorization prior to filling orders. 

Consumer Durable Goods: Use of 
steel, copper and aluminum in most 


































































































































































































consumer goods in third quarter goes 
under one control order—M-47A, as 
of July 1. An end-product producer's 
maximum use of steel, copper and 
aluminum is now to be specified either 
by his CMP allotment, or if he does 






























































Testing of Insulation in Small Motors. 


continued at a high level—20,359,056 
lb, only slightly off from March. ... 
Phenolics however were down—19,- 


792,143 against 21,382,356 lb. 


Plastics supply outlook: Phenolics, 
melamines, ethyl cellulose, nylon, 
acrylics, Teflon, and the styrenes, all 
tight. New production facilities for 
phenolics, melamines and_ styrene 
monomer, should alleviate the situa- 
tion by 1952. 


Checklist of New NPA Orders and Other Defense Production News 


not receive an allotment, by the classi- 
fication of his product under M-47A, 
except for copper used in builders’ ma- 
terials, which will be handled separ- 
ately. 

Copper and Copper-Base_ Alloys: 
M-11 amended requires producers to 
make available “substantial” percent- 
ages of scheduled monthly production 
during third quarter to meet rated 
orders. Move is a step in implementing 
CMP. New ceilings for rated deliveries 
range from 20 to 90 per cent depending 
on item; previously, total required ac- 
ceptance by brass mill was limited to 
only 20 per cent. 

Electric Power Industry:  M-50, 
amended, authorizes use of approxi- 
mately 270,000 tons of steel products 
by the utilities during the third quarter 
of the year. 

Electrodes: Third-quarter allocations 
of graphite and carbon electrodes are 
delayed to August 1. 

Iron and Steel: M-1 amended 
changes certain requirements for re- 
porting; adjusts certain production 
limitation percentages; and makes 
other provisions. 

Machine Tools: Directive 1 to M-61 
explains the effect on producers of ma- 
chine tools and related equipment 
of the receipt by such producers of 
authorized production schedules and 
allotments under CMP. 

Nickel: Pending overall revision to 
M-14, the nickel conservation order 
is continued for the third quarter. This 








May machine tool shipments in- 
dex (NMTBA) rose to 174.9 from 
157.7 in May. . . . Volume of gear- 
ing sales (AGMA Index) dropped by 
10.2 per cent in May. . . . As may 
have been expected, TV set produc- 
tion has been sliding off—May output 
of 339,132 sets was 28 per cent off 
from April, and almost half of Janu- 
ary output. 


limits use of primary nickel for non- 
rated orders to 65 per cent of average 
quarterly use during first half of 1950; 
and prohibits use entirely in specified 
products, including refrigerating equip- 
ment, sewing machines, heating and 
cooking appliances. 

Passenger Cars: Order M-68 limits 
use of steel, copper and aluminum in 
automobile manufacture without a 
direct contro] on unit production. Use 
limitations are expected to result in an 
estimated 37 per cent reduction in the 
third quarter. 

Tin: Amended M-8 revises conserva- 
tion provisions. Among other items, 
solder for precision electrical instru- 
ments, dairy equipment, _ sterilizing 
equipment, food processing equipment, 
and recording and indicating meters 
has been cut down to a 50-per cent 
tin content. 


INDUSTRY ADVISORY COMMIT- 
TEES: Electrical contacts manufac- 
turers IAC reported to NPA that pro- 
duction schedules had to be adjusted 
because of scarcity of critically scarce 
tungsten. All possible conservation 
methods have been instituted. The 
IAC indicated that some saving in use 
of metal could be achieved by reduc- 
ing size and thickness of contact 
points. . . . Portable electric tool IAC 
was informed by NPA that as a con- 
servation measure it may be _ neces- 
sary to limit production of home-shop 
or hobby-type tools. 


Electrical Manufacturing In addition to the feature article an- 


nounced on page 101 on Castings Resins for Embedment in miniaturized electronic 
construction, forthcoming issues will include ¢ Use of Dual-Element Fuses for Motor 


Protection @ Design Considerations in Specifying Electroplating as a Finish ¢ Surge 
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EDITORIAL 





Incentives for Invention 


ORE often than otherwise, inven- 

tion is a byproduct of the search 
for an answer to a problem in design 
involving some new principle of opera- 
tion. Few engineering designers would 
have enough conceit to call themselves 
inventors even if they have a string of 
patents behind them. An engineer just 
does not sit down and try to invent 
something, although the Sunday supple- 
ment writers might have us think so. 

In these days development engineers 
seldom seek problems. The problems usu- 
ally arise faster than they can be handled. 
In the design of production machinery, 
for instance, the customer often presents 
the problem. He needs to produce some- 
thing new and wants to do it with less 
labor, in less time and with greater pre- 
cision or less loss in material. The primary 
problem may create several secondary 
ones. In designing a camshaft grinder the 
basic problem, let us assume, is to do the 
job faster; the secondary problem may 
be to devise a work drive system to ob- 
tain slowdown so as to produce good 
surface finish at sparkout. The solution 
may involve a wholly new drive system 
or the adaptation of elements not here- 
tofore associated with such equipment. 

In the business machine field, the need 
to perform an operation in an accounting 
department arises from the customer more 
often than from the engineering depart- 
ment of the manufacturer. Electronic cal- 
culators came about because the complex 
mathematical problems first presented 
themselves for solution in other fields. 
Competition sometimes presents a chal- 


lenge to do something different in order 
to avoid paying patent royalties. Yet there 
is a limit here as the sameness in home 
appliances and television receivers well 
demonstrates. Sales managers are more 
likely to visualize the need for wholly new 
products than are design engineers. 

Biological researchers may be spurred 
on by the desire to benefit mankind in 
general but few design engineers would 
wave that flag. They are more concerned 
with the solution of everyday problems 
and pushing their own advancement on 
the job. In fact, their success or failure is 
measured by their ability to solve design 
problems. Their ultimate reward is more 
money, a bigger job or just keeping up 
with the job. 

If invention results from their effort, 
it is standard practice for the designer to 
assign the patent rights to his employer. 
Because his primary urge is to solve prob- 
lems, his incentive is not impaired by this 
practice, which in the larger corporations 
puts almost unlimited facilities and con- 
sulting service (from other departments ) 
at his disposal. 

Solving problems requires the same 
type of orderly thinking as does inven- 
tion. It requires use of powers of observa- 
tion, classification of knowledge gained, 
a selective memory and a lot of imagina- 
tion. Reducing the problem to its basic 
elements and finding parallel solutions to 
similar problems in entirely different fields 
is perhaps the best key to success, since 
wholly original solutions are rare. 

It pays not to limit technical reading to 
too narrow a field. 








Miniaturized ampli ler designed 


for automatic assembly 


e By reducing all major components to a cylindrical module 
e by lining up all terminals at nine points around the cylinder 
e by making all connections to a wrap with lengthwise leads 
e and then designing an automatic indexing soldering machine 


the assembly line was reduced to one operator. 


DVANTAGES of automatic assembly as an as- 
pect of miniaturization have been recognized for 
some time, both in this country and in Great 
Britain. Work at the National Bureau of Standards on 
printed assemblies is also well known. (/)* Abroad, a 
machine was developed to automatically fabricate a 
three-tube radio. (2) Solder-pot dipping of preassem- 
bled components is another method. But the more bulky 
components designed for reliability and environmental 
endurance pose a special problem, particularly in the 
two tons of special electronic gear comprising the nerv- 
ous system of modern aircraft. (3) Development of 
any mechanized assembly method generally proceeds in 
three concurrent phrases: 
1. Design of the end item. 
2. Development of a fabricating process. 
3. Evolution of manufacturing machinery. 
Close integration of these three aspects is essential, 
hut if they are too closely tied the resultant method may 
lack breadth of application. This was a major considera- 


* Italic numerals in parentheses apply to references at end of article. 
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Long strip chassis 
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“Alarm clock" chassis 


Cylindrical stack 
“L" Chassis 


tion in the development described here, the airborne 
intercom amplifer AM-142/AIC which was to be re- 
designed in a miniaturized version adaptable to mech- 
anized assembly. This item will illustrate the structures 
and techniques applicable to transformer-coupled cir- 
cuits in general. Beyond reducing the size and weight 
a sturdier and more reproducible design was desired. 
Special attention had to be given to heat transfer and 
component temperatures, and to sealing the case against 
moisture and fungi. 

This intercom is a low-impedance coupled unit de- 
signed around the dual pentode 26A7GT, which oper- 
ates with the plate as well as the heater on 28 volts. 
Matching to line on both input and output sides is ac- 
complished with balanced and hum-bucking transform- 
ers. A third output winding provides a large amount of 
negative feedback to minimize distortion and stabilize 
gain while a 40-mf electrolytic capacitor and a screen 
filter choke assure suppression of supply noise. Both 
input and output signals as well as the 28-volt supply 
are handled through a single four-contact AN plug. 


ee ee ed 


Fig. 1 (left)—Four possible arrangements of the five major components in the intercom amplifier. Only the cylin- 


drical stack offered opportunities for automatic assembly. Fig. 2—Mock-ups prepared to study the possible advantages of 
end-to-end arrangements of components at C with conventional chassis design at A. Space-saving layout B proved imprac- 
tical because of excessive heat from the tube, and the deck had insufficient space to contain all of the components. 
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W. H. HANNAHS and W. SERNIUK 


Physics Laboratory 
Sylvania Electric Products Inc. 


Fig. 4—Final design in center compared with the 
former conventional unit below and a flashlight. 
All components are cylinders stacked end-to-end 
and wrapped in a flexible insulating sheet contain- 
ing the connective wiring. Terminals extend radi- 
ally from components to engage connecting wrap. 


Since provision for ready assembly was the primary 
objective, a study was made of various examples of 
miniaturized and printed equipment for the component 
orientation most adaptable to rapid assembly. Four of 
the structures considered are shown in Fig. 1: A long 
L-shaped chassis bordering the tube; 
structure; and a cylindrical 


strip chassis ; 
two-deck “alarm-clock”’ 
stack. 

In addition to space, thermal, and assembly require- 
ments, several other considerations also entered into the 
problem: 

1. Use of modular size units. 


2. Easy mechanical fastening of parts. 

3. Maintenance with simple tools. 

4. Tropicalizing and winterizing. 

5. Integration of minor as well as major circuits ele- 


ments into the assembling process. 

6. Reasonable limits on prefabrication operations. 

7. Use of standard mechanical parts. 

The long strip chasis, although adaptable to solder- 
dipping of connections does not lead to mechanized as- 


Thermal insulator 
Electrolytic 


Temperature , deg C 


Thermocouple position 
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sembling. The L-shaped structure brings the heat of 
the tube too close to the transformers. A small rectan- 
gular box requires two decks to accommodate the com- 
ponents. None of the first three arrangements lend 
themselves readily to hermetic sealing or to convenient 
external connection into the line and power supply. 

In a mock-up of the original amplifier shown at A in 
Fig. 2, transformers are beside the tube, electrolytic 
capacitor at top center, and choke in the corner. In the 
first analysis of this unit, liquid immersion revealed that 
35 per cent of the space was entirely waste and that the 
case and chasis contributed 20 per cent of the total solid 
volume. Assembly operations, however, were more im- 
portant than size. The use of conventional construction 
required usual screw fastening and scattered the solder- 
ing since the deck had insufficient space to contain all 
the components. 

Several possible arrangements with only 30 per cent 
of the original volume are shown in Fig. 2. A direct 
scale-down B offers nothing in the way of improved 
assembly and would result in internal temperatures high 
enough to severely cut tube life. Compression of 18 
watts dissipation into the smaller space raised the aver- 
age surface dissipation of the enclosure from 0.2 to about 
0.4 watts per sq. in. This is near the upper limit for 
natural convection and radiation for miniaturized de- 
sign—which is generally based on 100 C rise. Measure- 
ments made with thermocouples on models of the pro- 
posed design established that the preferable thermal ar- 
rangement was to place the tube, which produced 95 
per cent of the heat, at the end of a long slender pack- 
age, as at C Fig. 2, and isolated from the other 
components. 

First tests made upon this structure were based on 


Fig. 3—Isolation of the tube at one end left too little radiat- 
ing surface to keep tube temperatures within limits. By re- 
ducing the effectiveness of the thermal barrier between the 
tube socket and other components, and using a one-piece 
aluminum case, maximum temperatures were brought down. 
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complete thermal isolation 
consisting of a glass-wool 
wafer beneath the socket 
and a two-piece metal outer 
case with one portion for 
the tube and the other for 
all other components. The 
case parts were kept from 
contact by the phenolic sock- 
carried threaded 
portions above and below 


et which 


for retaining the cans. This 
complete isolation left the 
tube with insufficient radiat- 
ing surface. Reducing the 
insulation slightly and going 
to a one-piece metal case 
gave the results shown in 
Fig. 3. Bulb temperature 
was much lower than the 
201 C measured in the orig- 
inal amplifier, and other 
components ran at reason- 
able levels. 

The final miniaturized 
amplifier is shown in Fig. 4 
along with the original. In 
the new construction the 
cylindrical components are 
stacked end-upon-end and wrapped in the connective 
wiring attached to a flexible insulating sheet. All termi- 
nals extend axially from the components and bear a 





special head which snaps and locks into the connections 
before soldering. The rigid chassis is entirely dispensed 
with, the necessary rigidity being provided by a cylin- 
drical case in which the inner assembly is essentially 
shock mounted by the wrap. The case is also provided 
with a hermetic closure. With terminations for all of the 
components established around the periphery, the as- 
sembly lerids itself readily to hopper feeding and auto- 
matic soldering because it may be indexed by simple 
rotary motion. 

After solving the problem of termination, the next 
most important requirement for improving assembly 
was the use of prefabricated wiring. While the exploita- 
tion of preformed and printed wiring has expanded 
quite recently, such techniques are not really new. Cast 
connections for electronic gear were used in 1937 by 
Hiensch (4), stamped wiring in 1927 by Wermine (5), 
sprayed by Arlt (6) in 1925, and plated circuits by Sey- 
mour (7) in 1923. Many others have developed proc- 
esses of etching, printing and bonding conductors to 
insulation. Unfortunately, many of these processes do 
not lend themselves to materials resistant to moisture 
or wide ranges of ambient temperature and therefore are 
limited in military application. 

The conductor wrap can be fabricated in numerous 
ways. It may be etched from a laminate of copper foil. 
lacquer and cloth; or woven of wire incorporated in 
glass-fiber cloth; or vulcanized from synthetic rubber. 
Three such conductor-insulation wraps are illustrated 
in Fig. 5. Since all of the connections in the particular 
circuit discussed here could be reduced to straight metal 
strips, it is most simple to heat-seal these between two 
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layers of an elastomer, the strips and elastomer being 
simultaneously fed from spools into the heat-sealing and 
subsequent punching operations. The most difficult re- 
quirement to meet in this construction is the insulation ; 
environmental requirements of both high and low tem- 
peratures preclude the use of many otherwise desirable 
plastics. Aside from the experisive fluorinated and sili- 
cone materials, only a few of the synthetic rubbers such 
as nitrile rubber appear to be sufficiently soft and dur- 
able and this material is therefore preferred for the wrap. 

Beyond the prefabrication of a connective means, 
there are two aspects to the assembling of electrical 
equipment: bringing the components together in the 
desired relationship and soldering or otherwise connect- 
ing them into the circuits. Along with these require- 
ments, it is also necessary to provide the requisite me- 
chanical rigidity independent of the wiring to prevent 
undue strain on terminal lugs. Riveting utilized for this 
purpose in standard commercial radio construction ac- 
counts for approximately 40 per cent of the assembly 
labor cost. Other techniques for positioning, fastening, 
and electrically connecting are: 

Solder-dip assembly uses hand positioning of the 
parts, with the leads fed through holes in a pre- 
fabricated connective circuit (usually etched from 
foil-plastics laminate) followed by the dipping oper- 
ation. Rigid attachment of the larger components is 
generally by riveting. 

In die-cast assembly the components are hand 
placed in positioning jigs adjoining the die into 
which the terminals protrude for casting. A pre- 
punched plastics chassis, through which the leads 
pass, forms one-half of the die and the cast con- 
nections key into this to hold leads, circuit, and 
component studs after casting. (4) 
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Fig. 5—Three types of compos- 
ite materials investigated for the 
conductive wrap: A, laminated ‘ 
copper foil, lacquer and cloth; 

B, wire woven into glass-fiber 

cloth; C, metal strips vulcanized : 
between sheets of nitrile rubber. 
Note snap-on connectors to mate 
with radial terminals on each of 

the components in the stack. 


Fig. 6—Hopper at left of opera- 
tor drops a set of lined-up com- 
ponents into the connective wrap. 
Each part is keyed to align its 
terminals with connectors in 
wrap as it is rotated, providing 
a self supporting assembly for 
insertion in the automatic solder- 
ing machine in front of the op- 
erator. Copper straps on solder- 
ing machine carry current to 
each of the six soldering tools. 


In the molten-metal spray 
assembling of the 
radio, the chassis is intricately 
molded so that all components 
excepting certain plug-ins are 


Sargrove 


formed in place and so are 
locked and connected. (2) 

For the assembly of the mixer amplifier a hopper, at 
left in Fig. 6, feeds the components so that a complete 
set drops into the connective wrap, which is positioned 
with a slight curvature in a receiving trough at the 
bottom of the hopper. The components drop into the 
wrap within a few degrees of their proper orientation 
and, since each part is keyed by its own terminal ar- 
rangement, there is only one correct fit. The wrap is 
then applied by rotating the assembly in the trough, 
hand pressure being applied to force each vertical row 
of snap-locking terminals into specially cut slots in the 
conductor strips seen in Fig. 5. This assembly is suffi- 
ciently rigid to be self-supporting during soldering and 
no transfer jigs are necessary. The locking of each 
lug has been designed to withstand a 5-lb pull as pre- 
scribed for mechanical adjuncts to soldered points but 
may be disengaged if the connections are flexed in a 
prescribed manner prior to soldering. 

Considerable attention has been given to the design of 
the component lugs so they can be used with other con- 
ductors than the punched strips and so that minor cir- 
cuit elements with wire leads could be included in the 
common assembly operation. The smaller capacitors and 
resistors used in this amplifier slip into recesses in the 
tube socket and ouput plug, as seen in Fig. 7. The 
leads from the components may be twisted, without 
tools, into the lugs protruding from the socket and 
plug in a manner which does not interfere with the 
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locking of the strip conductors of the wrap. 

To bring the tube socket and output plug into the 
common assembly operation, the snap-lock lug design 
has been applied to these also, the design being equally 
suitable for stamping on the ends of the flat socket 
clips and on the round plug terminals. The plug also 
functions as part of the hermetic seal. To meet these 
requirements and to provide rigid insulation for the 
right-angle terminal prongs, the plug has been designed 
as a single piece of molded nylon with standard AN 
threads and outline. Nylon is the only plastic on which 
it was considered feasible to attempt the molding of 
7-20 threads. The new plug has two less parts than 
the standard plug and dispenses with several pieces of 
mounting hardware. 

Certain advantages of the new method over those 
itemized above may be pointed out. The use of a rigid 
chassis in any form as well as the riveting operations 
usually associated with it are entirely eliminated in 
this construction, the functions of support and fastening 
being taken by the rubber conductor wrap and the outer 
cylindrical case. Hand manipulation of components is 
reduced to a minimum, transfer jigs are avoided, and 
the waste of conductor material 
kept to a minimum, 

As mentioned earlier, the prime consideration motivat- 
ing the choice of a cylindrical structure was that sym- 
metry permitted the use of simple rotating motions 


as in spraying—is 
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Table I—Comparative Parts List 


Old New 
l 


Case 
Screw receptacles 
Mounting clips and rivets 
Cover 
Cover hardware, pes 


1 (Retainer) 
L (Gasket) 


Chassis 


So — ee toto 


Chassis hardware, pes 


Component mounting board 

Hardware, pes. 
Tube socket 

Socket retainer 
Transformers 

Mounting hardware, 
Electrolytic condenser 

Mounting hardware, 
Choke 

Mounting hardware, 
Plug, total parts 

Mounting hardware, 


Connector harness 
Spaghetti 
Capacitor 


Resistors 


_— 1S mm eee I) ee 


Tube radiator and clamp 


Total number of parts 


which were easily mechanized. The soldering of all 
joints in the amplifier is done by the automatic machine 
shown in Fig. 6. The component assembly is placed in 
the work chucks where it is intermittently rotated to 
the nine lug positions. A row of hot-wire soldering tools 


is placed above the lugs of each component. These tools 
are individually raised and lowered at the proper mo- 
ment to effect soldering of the lugs to the conductors. 
The solder itself is fed from spools near the rear base 


Fig. 8—Indexing machine solders all connections auto- 
matically, applying soldering tools and feeding solder 
to each terminal of each of the six sections. 


of the machine. These feeds dre operated by means of 
switch-actuated solenoids. The heads and solder are 
cam-operated and are activated only when a terminal is 
presented. 

The design of the machine is electromechanical to 
permit rapid development and modification, and depends 
on solenoids for most of the motions. The operations 
are shown in Fig. 8. The component stack is shown be- 
tween the work chucks. The soldering heads 
of six being shown for simplicity 


only one 
are brought into 
contact with the connector by programming cams at the 
top rear of the machine. The time cycle of operation is 
adjusted by a small d-c motor which continuously ro- 
tates the main timing shaft and its head-actuating cams. 
On this shaft are also the solder-feeding cams and one 
cam for the work-holding chucks. These with the as- 
sembly being soldered are indexed intermittently be- 
tween operating stations. 

Referring again to Fig. 7 the final assembly of the 
amplifier into its case is very similar to placing batteries 
in a flashlight. The case is a one-piece impact extrusion 
of 2S aluminum which is formed with three longitudinal 
internal ribs. The amplifier inner assembly carries 
grooves which engage these ribs. The three ribs bearing 
through the flexible conductor wrap firmly position and 
shock mount all components. When disassembled the 
wrap provides adequate rigidity for maintenance. The 
tube shield is a corrugated spring member which has an 
inner tight-fitting portion for heat transfer from bulb 
to case. Once inserted, it becomes part of the case and 
does not require removal to change tubes. 


ELECTRICAL MANUFACTURING 
















D-c variable speed 
gearmotor 

Programming cam for 
work indexing 


<7 Switches 
ac 









. e . / 
Maun ting shaft 
continuously 
rotating 


6 Programming “ 
cars for 
solder feed 


Work-indexing 
Mine-position ratchet 


detent 






6 Programming cams for soldering heads 














fl 


l 
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Solenoid 














Unit assembly 
(work) 


o 


Wire 
solder 


Note: Cams have nine lobes but 
for convenience are shown 
as having two lobes 


SY) fo! 


6 Solder feed 
mechanisrns 


After sliding the amplifier into its case a threaded 
wingnut on the plug is tightened and compresses a sili- 
cone rubber gasket which seals against the case as ef- 
fectively as an expanding cork in a bottle. This sealing 
prevents the inner assembly from “breathing” dust and 
moisture which eventually cause fungus growth and 
corrosion. Additionally, mold and fungus deterrents 
have been incorporated into all insulations not intrinsi- 
cally resistant as is the nylon used in the plug. 

Assembly operations consist of : 

1. Placing resistors and capacitors in the socket 
and plug. 
Wrapping wiring harness around hopper-fed 
components. 


tu 


Automatic machine-soldering of the connections. 
Electrical test. 
Insertion in the case. 


ty += Ge 


Fig. 7—Partially wrapped assembly not yet soldered. 
Note resistors in place in the tube socket; output con- 
nector is similarly designed; both have radial terminals 
engaging the wrap. Tube is enclosed in a corrugated 
spring member which becomes a part of the case when 
inserted in the extruded aluminum container. A silicone 
rubber gasket placed over the threaded portion of the 
nylon output connector is expanded by a wing nut to 
seal the unit in the case. 
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The first three assembly operations are handled by 
one person while monitoring the soldering, so that sub- 
stantially the production line is reduced to one operator. 

Parts list for the two designs, Table I, clearly shows 
how many small pieces of hardware and attendant as- 
sembling labor have been eliminated. In addition, the 
new case weighs only 10 per cent of the old and costs 
less than 7 cents. 

Only brief attention can be given here to the com- 
ponents although their development represented a con- 
siderable part of the project. For example, the trans- 
formers, jointly developed with the Langevin Manu- 
facturing Company, weighing 50 grams and about 1 cu 
in. represent a size reduction of 75 per cent and a weight 
reduction of 70 per cent with performance equivalent 
to the original units. The output transformer is probably 
the smallest 17-db unit which has been produced in 
balanced and hum-bucking construction. 

A comparison between the old and new designs, Fig. 
9, shows the reduction in size which was achieved prin- 
cipally through the use of better core alloys and inter- 
layer insulation. While the refinement of design was an 
important step, a greater practical difficulty arose in 
securing the proper size of laminations. This was solved 
by cutting in two a larger standard size. The sealing of 
the transformers and choke is of the impregnation-coat- 
ing type covered by specification AN-E-19 but the 

(Continued on page 256) 
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Electrical properties 


GLASS-FIBER PAPER 


T. D. CALLINAN, R. T. LUCAS and R. C. BOWERS 


Naval Research Laboratory 


HdILE considerable advances have been made in 
the past 20 years in development of thermally 
stable liquids and impregnants (/, 2, 3, 4, 5) 


for capacitors, transformers and cables, the presently 
available electronic components are limited to top tem- 
perature values of 85 C (6), due in no small part to 
the employment of cellulose paper as a barrier material. 
The inexpensiveness, ready availability, and high di- 
electric strength of impregnated paper have encouraged 
the wide use of cellulose and made it seem preferable 


to more thermally stable films. On the other hand the 
variation of paper made in different mills caused by 
various production factors and by natural differences 
in our materials, as well as the embrittlement of the 
paper with time, have forced some investigators into 
developing substitutes for the cellulose paper. 

Certain thermally stable films such as cellulose acetate 
and Teflon (7, 8) have been suggested as substitutes 
for the cellulose and while found to have superior life- 
temperature characteristics seem to have run into pro- 
duction and supply problems which have prevented 
their widespread acceptance. Similarly, mineral-fiber 
papers (9, 10, 11) have been produced and are actually 
being used with considerable success in many cable 
applications. Bentonite films (12) have been demon- 
strated to posses valuable thermally stable characteris- 
tics but production-wise have failed to find widespread 
use. Glass-film capacitors have entered the field once 
occupied solely by mica (13); it has not been suggested 
for use in either liquid-filled capacitors or cables. The 
latest suggested item for use as a substitute for the 
cellulose has been mica paper (14, 15). The purpose 
of this report is to present the properties of still an- 
other product. Glass-fiber paper, while not as yet 
available commercially, has: qualities which warrant 
its rapid development. 

That paper can be made from fibers other than 
naturally occuring celluloses has been reported and 
demonstrated in practice. Usually the bonding occurs 
through the use of thermoplastic fibers which tend to 
weld together under the action of heat, or through the 
use of certain additive resins. Neither procedure, how- 
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ever, could be employed successfully in the development 
of the thermally stable capacitor paper. The former 
from the thermoplastic nature of the fiber and the latter 
from contaminating tendencies of the resins on the 
liquid impregnants. 

In an effort to develop a paper-like body from ther- 
mally stable fibers (16, 17), it was determined experi- 
mentally that the ability of the fiber to disperse is 
related to the diameter of the fiber, and that when water 
is the medium, the dispersion range occurs when the 
diameter of the fiber approaches colloidal dimensions, 
5-200 millimicrons. The employment of fibers this fine 
utilizes the phenomenon called by papermakers “fibril- 
lation” wherein, due to long hours of beating, the cel- 
lulose fibers of 7-15 micron diam are frayed at the ends 
into fibrillae of diameters of colloidal size. The diameters 
of the fibers of glass employed in this work are shown 
in the microphotograph, Fig. 1. These fibers were pre- 
pared by the Owens-Corning Fiberglas Corp. (18, 19) 
and have a chemical composition corresponding to Py- 
rex. The fibers may be dispersed readily in water and 
formed into paper; due to the rapidity with which the 
water drains free from the glass pulp, thick sheets may 
be produced with ease. Several degrees of fineness of 
glass fiber have been evaluated; but on the basis of 
tensile strengths, only the superfine are discussed in 
this report. Fundamentally the other fibers are too 
large in cross section to disperse readily and have too 
low a surface-to-weight ratio to permit a sufficient num- 
ber of contacts between fibers for development of ade- 
quate strength through the simple mechanism of ad- 
hesion. 

When the data are plotted as in Fig. 2, it can be 
seen that theory predicts that considerably higher me- 
chanical strength may be obtained with glass fibers of 
the order of 0.2 microns. Until the glass-fiber manu- 
facturers can supply such items, we must content our- 
selves with AAA Superfine and determine whether the 
data warrants further work. 

It is not the purpose to detail here the production of 
paper from glass fibers; this will be done in a report 
being prepared by the staff of the National Bureau of 
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Paper prepared from glass fibers while 
mechanically weak has electrical and 
thermal stability characteristics of ex- 
ceptional interest. Glass-fiber paper sat- 
urated with insulating varnishes may be 
employed. The properties of such papers 
as well as of 100-per-cent glass dielectric 
paper used in capacitors are evaluated. 


Fig. 1—Electron micrograph (21,000 X) 
of type AAA Superfine glass fibers. Larg- 
est glass fiber shown is 1 micron in diam. 


Standards. Suffice it to say, the handsheet data carried 
out at the Naval Research Laboratory led to the belief 
that skilled paper makers could probably prepare a 
finished product in mill practice. NBS was successful 
in developing the techniques for handling the fiber and 
made a product totally from glass fiber without resort- 
ing to the use of cellulose fibers or binding resins. Paper 
made from AAA Superfine glass fiber was found to 
have properties as shown in Table I. 

Consideration of the data indicates that the product 
is a soft, mechanically weak sheet of surprisingly low 
density, openness and high absorptivity. It is remark- 
able in fact that a material with fibers as short as those 
employed (1/128 in.) and at the same time with such 
low density had any strength at all. The high absorp- 
tivity value, however, indicates the ability of the paper 
to be readily impregnated. The moisture content of 
only 0.1 per cent is one which undoubtedly appeals to 
the engineer interested in drying cables and in ca- 
pacitors prior to impregnation. It is doubtful, however, 
whether the material is practical in capacitors. Owing 
to its thinness and low breaking strengths it would be 
difficult to handle. On the other hand the employment 
of these materials in cables, where tapes and coil-wind- 
ing papers are now of the order of 3-10 mils, is feasible 
and worthy of study. 

Saturated Glass Fiber Paper. Because of the prac- 
tical appeal of such products as tapes and papers for 
cable applications, the 100 per cent glass-fiber paper 
was impregnated with various commercially available 
electrical insulating saturating varnishes and evaluated. 
Where possible the paper was threaded through a 
bath of resin, the latter being diluted previously to an 
optimum consistency for strengthening the sheet. The 
wet web was then suspended in an oven until dry. The 
products by definition (20) were Class B, Class H or 
Class C insulating papers depending on whether the 
common organic varnishing materials such as_ the 
phenolics or alkyds were employed or whether the 
silicones, fluorocarbons (Class H ) or inorganic colloids 
were used (Class C). 

The products to be described are not to be considered 
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totally developed items ready to be used in standard 
applications; rather they represent the gamut of pos- 
sibilities which a development engineer may use as the 
starting point for his search for a material to solve a 
given problem. Thus the alkyd and oleoresinous-bonded 





Table I—Properties of Glass-Fiber Paper 
Made from AAA-Superfine Fibers 


Chemical Analysis: 


Glass fiber 100% 
Binder 0 
Moisture, absorbed 0.1% 
integral 0 
Melting point 610 C 
Effect of heat on weight 0.1% 
Flammability 0 
Physical Properties: 
Thickness, in. 0.011 
Tensile strength, psi 40) 
Density, gm/cc 0.205 
Elmendorf tear, lb 20 
Mullen, psi >I 
Uniformity Excellent 
Dirt count 0 
Wet strength, psi 20 


Absorptivity 
Porosity (Gurley) sec 
Air resistance /mil 


do 
Very high 
9 7 


a=. 
10 mm H20 
Electrical Properties: 

Dielectric constant 


60 cycles 1.3 

1 ke 1.2 

10 ke 1.2 
Power factor, per cent 

60 cycles 0.9 

1 ke 0.5 

10 ke 0.3 
Dielectric loss factor 

60 cycles 0.012 

1 ke 0.006 

10 ke 0.004 
Dielectric strength 

a-c vpm 90 

d-c vpm 90 
Volume resistivity 2.10" 
Conducting particles 0 
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Table Il—Electrical Properties of Saturated Glass-Fiber Paper 
(AIEE Insulation Class B. Tests at 25 C and 50 per cent RH) 


} 
| 


Impregnant: 
arnish trade designation | Selectron 
5003 
Polyester 
100 
Toluene 
115 
Dip 


Glyptol 
GE 1202 
Alkyd 
54 
Toluene 
125 


Dip 


Type 

Solids used, percent 
Thinner 

Drying conditions 
Impregnation method 


Dielectric strength: 
d-c, vpm 
d-c, vpm 
Dielectric constant: 
60 cycles 3: 3.0 
1000 cycles z. 3.0 
10,000 cycles f 
Power factor: 
60 cycles 
1000 cycles 
10,000 cycles 
Dielectric loss factor: 
60 cycles 
1000 cycles 
10,000 cycles 
Volume resistivity, ohm-cm 


100 
90 


¢ 
- 6 


Flammability 
Thickness, final inches 


| X-621 


| 


| 


Melamine | GE9555 


C-11 


Melamine 
5 
Water 


125 


Dip 


Lustrex Coil Compound 


| #11 Nat. Eng. Prdts.| 
| Oleoresin 
48 
Petroleum 
125 


| Dip 


Styrene 
30 
Toluene 
115 
Dip 


100 
Toluene 


115 
Dip 


200 


250 


>320 
> 320 


>500 


80 >500 


A. 4. 
4. 3. 
d < 3 . 


01 02 
01 .03 
.03 03 
10"! 108 


.36 

.39 

33 
>190" 
y slight High 
.010 


High 


0.020 0.031 


a 


glass-fiber papers, while lacking in flexibility, have 
definite usefulness as slot-armor, On the other hand, 
the flexible fluorocarbon-bonded papers possess suffi- 
cient softness to permit their use as wire covering. 
Finally the alumina-impregnated glass-fiber paper pos- 
sesses the thermal stability requisite for use as air- 
cooled, coil spacers. 

Selected electrical properties determined on various 
saturated glass-fiber papers impregnated with organic 
varnishes are listed in the condensed Table III. The 
dielectric strength was increased as much as five times. 
This improvement was counterbalanced by the increase 
in electrical losses as measured by the rising power 
factor and the declining volume resistivity. In spite of 
the latter effects the materials are well within the range 
found useful to practicing electrical engineers. The in- 
creases enumerated in both dielectric constant and den- 
sity are considered normal. On the mechanical side, the 
tests showed that the saturants increased the mechanical 
strength of the glass-fiber paper ten-to fifty-fold de- 
pending on the nature of the varnish and the quantity 
absorbed. 

Employment of non-organic varnishes such as the 
silicones and fluorocarbons, and the use of certain col- 
loidal dispersion of silica and alumina as saturants re- 
sult in products with electrical properties as listed in 
Table III. 

Class H insulants possess mechanical strengths com- 
parable with those of the Class B tapes and sheets listed 
in Table II. While the improvements in dielectric 
strength are not as noticeable with the particular sili- 


cones and Teflon used, the astounding resistance of 


the composites to heat are worthy of special note. Glass- 


fiber paper saturated with Teflon is also worthy of 


mention because of its low-moisture pickup. 
While the Class C insulants lack the high flexibility 
required for wire and cable applications the relatively 


high mechanical strengths, total lack of flammability 
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and reasonable dielectric strength make them useful in 
applications where high operating temperatures pre- 
vent moisture from being a hazard. 

To be evaluated thoroughly, full-scale industrial ap- 
plications must be devised. Data such as the foregoing 
has been used successfully (21) to establish the feasi- 
bility of such products for ultimate use on wires, cables 





Tensile strength, psi 





Microns 


Fig. 2—Effect of glass-fiber diameter on tensile strength of 
glass-fiber paper. Smaller fibers promise higher strength. 
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Table If1I—Electrical Properties of Saturated Glass-Fiber Paper 
(AIEE Insulation Classes H and C. Tests at 25 C and 50 per cent RH) 


Impregnant: 


Varnish trade designation Silicone, DC996 


Type Silicone 

Solids used, per cent 22 

Thinner Toluene 

Drying conditions 165 C 
Dielectric strength: 

d-c, vpm 115 

a-c, Vpm 105 


Dielectric constant: 





60 cycles 220 

1000 cycles 2.2 

10,000 cycles 1.8 
Power factor: 

60 cycles EI) 

1000 cycles 0.8 

10,000 cycles 0.9 
Dielectric loss factor: 

60 cycles 0.02 

1000 cycles 0.02 

10,000 cycles 0.02 
Volume resistivity, ohm-cm >103 
Flammability High 
Thickness, final inches 0.019 


Teflon, Alumina Ludox, duPont 

JRT-10921 Sol, Grasselli 

Fluorocarbon Silica 
51 a 20 

Water Water Water 
600 C 600 C 600 C 
150 163 145 
142 174 90 
3.4 .6 8.6 
3.4 6 te 
ne 6 4.3 
20 LJ 9 
3.6 0.5 ll 
Zot 0.3 21 
0.09 0.02 0.92 
0.12 0.008 0.78 
0.08 0.005 0.88 

>10!8 6.10% 2.109 

0 0 0 
0.016 0.016 0.011 





and as slot-armor. By judiciously selecting the saturat- 
ng varnish and adjusting the binder content for opti- 
mum strength and flexibility the engineer can produce a 
variety of Class B, H, and C insulants to serve many 
of his high temperature dielectric requirements. 
Integrally Sized Glass-Fiber Paper. While the prob- 
lem of strengthening paper may be solved by varnish- 


Aroclor 
Castor o1/ 


ns 5//)-0€ 07/ 


Dielectic constant 


Castor o/! 


Aroc/or 
Silicone orl 


Power factor, per cent 


Mireral oi! 


30 50 70 90 110 
Temperature, deg © 


Fig. 3—Apparent dielectric properties of glass-fiber ca- 
pacitors impregnated with various dielectric liquids. 
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ing, the paper maker offers a second procedure of 
considerable interest. This consists in admixing with 
the beaten glass fiber, certain colloidal dispersions of 
resins which precipitate on the glass fiber and confer 
strength on the finished product by the two-fold action 
of adhesion and densification. No full-scale mill runs 
have been made, the results obtained so far being de- 
rived from hand sheets. Evaluation of these tests in- 
dicates that while the high mechanical strengths of the 
saturated papers are not obtained by integral compound- 
ing, on the other hand papers of reasonable strength 
and high flexibility possessing qualities applicable to 
the wire and cable field are produced. It is also re- 
markable that these qualities are obtained at relatively 
low binder contents. 

Glass-Fiber Paper for Capacitors. While the paper 
prepared from glass fibers was not as thin as that com- 
monly employed in capacitor fabrication, it is interest- 
ing to note the results obtained on impregnated ca- 
pacitors made from such paper. In general these units 
lack the high capacitance-to-volume ratio found in pres- 
ent day electronic capacitors, but the other require- 
ments such as equivalent dielectric losses, volume re- 
sistivity and dielectric strength may be compared di- 
rectly with those obtained when Kraft paper is employed. 
It will be demonstrated that the thermal stability of 
the glass fibers is not the only quality of interest to 
the engineer associated with capacitor design, and that 
lower losses, greater capacitance-to-weight ratios as 
well as greater capacitance-to-volume ratios may be 
expected if and when mechanically strong, thin glass- 
fiber paper is produced. 

The evaluation of the glass-fiber paper as a capacitor 
dielectric entailed the construction and impregnation 
of experimental units consisting of a layer or two of 
glass-fiber paper, on either side of which were placed 
aluminum electrodes, held in place by pieces of glass 

(Continued on page 248) 
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ESIGN of electric apparatus is based on a spe- 

cific value of voltage, which becomes part of the 

nameplate rating. The many compromises and 
balances that are so important in equipment design are 
factored in so that the best overall performance will 
result when operation is at rated voltage. 

The plant operating engineer is well aware of this. 
However, there are some compelling reasons why he can- 
not maintain exactly rated voltage at all times at all 
equipment in his plant. So he has learned to live with 
certain departures from rated voltage that form a 
“spread” within which the equipment must operate. 

In between the electrical apparatus designer and the 
plant operator lies the machinery design engineer whose 
job involves applying electric motors and control to the 
equipment he manufactures. To be confident that the 
overall equipment will perform satisfactorily in the field, 
he should be familiar with both the extent of voltage 
variation to be expected and its effect upon operating 
characteristics. 

At a specific point in a system the voltage spread is 
the range between the maximum and minimum voltages 
encountered. This spread is due primarily to voltage 
drop which is proportional to current and is found in 
every line, cable, and transformer between the source 
and the load. Generator voltage regulators can maintain 
constant voltage at the power house bus, but voltage at 
utilization equipment will vary with plant load condi- 
tions. Where electrical energy is purchased from a 


power company, the supplied voltage will be subject to 
changes as load varies on the power company distribu- 
tion system. 


Fig. 1 illustrates a typical situation and will aid in 
visualizing where voltage spreads come from. In this 
example a 750-kva substation supplies several 480-volt 
feeders. Tap selection in the transformer primary wind- 
ing is such that with primary voltage at its maximum 
and with no load on the substation, secondary voltage is 
480. The highest voltage encountered by any equip- 
ment served by this substation therefore is 480 volts. At 
full load, voltage drop has its fullest effect. A 4-per 
cent reduction in primary system voltage is assumed at 
20 volts in the secondary. Transformer voltage drop 
will be about 15 volts. Assuming the 200-ft feeder to be 
fully loaded at 80 per cent power factor, the impedance 
will introduce another 7 volts drop. Finally, 5 volts may 

The 


be lost in the branch circuit, or 47 volts all told. 
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result is a minimum voltage at the end of the branch 
circuit of 433 volts. At the particular motor of this 
example, voltage varies between the limits of 433 volts 
and 480 volts. 

Transformer voltage ratings are based on no-load con- 
ditions. If the primary system of Fig. 1 is a 4160-volt 
system, then the primary and secondary windings of 
the transformer will have a turn ratio of 4160 to 480, 
and the rating would be 4160-480 volts. But, as was 
shown, the motors on the system have to operate at 
voltages that range downward from 480. The standard 
voltage for motors and control to be used in this system 
is 440 volts. Since each piece of equipment has its 
own rating, the system as a whole does not have a 
definite voltage rating. However, for convenience in 
designation, it must have a “name.” Hence, the term 
“nominal voltage” is used in speaking of a system. 
Nominal voltage is usually taken to be the same as the 
rating of the equipment supplying the system. In Fig. 
1, the substation feeds a system with a nominal rating of 
480 volts, and the secondary feeders are 480-volt 
feeders. 

The EEI-NEMA report (May, 1949) on “Preferred 
Voltage Ratings for A-C Systems and Equipment” (1) * 
gives in detail the structure of standard equipment volt- 


* Italic numerals in parentheses apply to references at end of article. 


Table I—Summary of Voltage Rating Structure 
for Three-Phase Systems and Equipment 


Motor and 
control 
rated 
voltage 


Transformer 
rated 
voltage* 


Generator 
rated 
voltage 


Nominal 
system 
voltage 


120 120 120 110 
240 240 240 220 
180 180 180 140 
600 600 600 550 
2,400 2,400 2,400 2.300 
1,160 4,160 1,160 1,000 
6,900 6,900 6,900 6,600 
13,800 13,800 13,800 13,200 


* Transformer windings in a given system usually have the same 
voltage rating whether they are primary or secondary windings. 
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On motors and control 


For the industrial machinery designer to properly select ratings for 
motors and control to insure consistent drive performance it is helpful 
to distinguish between nominal system voltages, electrical equipment 


ratings and actual voltage fluctuations encountered in 
plants, including those with modern electrical distribution systems. 


age ratings. This report is based on comprehensive 
surveys of equipment offered by manufacturers and of 
actual voltages encountered in operation. A summary 
of standard ratings for equipment usually encountered 
in industrial applications is given in Table I. 


Effects of Voltage Spread on Induction Motors 


Torque—The torque output of an induction motor is 
closely proportional to the square of the applied voltage. 
The reason for this relation is that torque is propor- 
tional to the product of air gap flux and rotor current, 
each of which is directly proportional to line voltage. 
Fig. 2 roughly shows the manner in which torque varies 
with speed. For any speed, torque is still proportional 
to the square of the voltage, and the curves for 90 per 
cent and 110 per cent voltages are derived from the 
100 per cent voltage curve using this relation. 

Low starting torque is frequently one of the most 
important consequences of low voltage. Where the 
margin of motor-starting torque over load torque is 
small, or where a high inertia load is to be accelerated, 
the possibility of encountering low line voltage presents 
a serious problem. The results can be failure to start, 
failure to reach full speed, or excessive accelerating 
time. Any of these eventualities require automatic 
shutting off of power to avoid burnout of the motor. 


750-kva 
substation 


Primary aoe [~ 
oP, 
system 


No-load vo/ta 
Primary voltage spread-20 volts 
szansformer voltage drop-iS volts __ 


200 ft 
secondary 


Fe > Feeder 


Branch circuit’ 


on Sa 


Branch 


480 volts se) 


Secondary feeder 
voltage drop 
4 7 volts 


voltage drop-S volts 


industrial 


The breakdown torque, or maximum torque, can also 
become dangerously low at subnormal line voltage, pos- 
sibly causing the motor to stall on peak torque demand. 

Increased torques produced by high voltages have 
been known to damage driven equipment, even to the 
extent of shearing off couplings. Although actual physi- 
cal damage can usually be prevented by adding strength 
to drive parts, the proper performance of some mecha- 
nisms and processes is dependent on predetermined 
values of torque. In these cases the effects of voltage 
variations must be kept in mind. 

Full-load current. Since speed of the usual induction 
motor does not change much with voltage, the power 
drawn by the motor will remain about the same. Full- 
load current will then vary in an inverse relation to the 
voltage. For this reason, low voltage usually causes 
increased current and increased temperature rise at full 
load.* This increased heating causes an appreciable les- 
sening of insulation life. A rule of thumb is that for 
each 10 C rise in temperature, the insulation life is 
reduced by one-half. Table II (2) shows that at 90 per 
cent voltage, the full-load temperature rise may be 
expected to increase 6 or 7 C. 


Starting current. The starting inrush of a motor 


* In certain special motor designs, this rule may be reversed, and full 
load current will increase with higher voltages. 














Fig. 1—(Bottom) Full-load voltage profile for an industrial plant power distribution system with load-center substa- 
tion diagrammed at top. With primary voltage at max mum, no-load voltage is 480 throughout. Fig. 2—Effect of 
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voltage variations on torque-speed curves of a typical squirrel-cage induction motor. 
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Function of 




















_Characteristic voltage 90% Voltage 
Starting and max. ; 
running torque (Voltage)? Decrease 19% 
Synchronous speed Constant No change 








Per cent slip 
Full-load speed 
Efficiency 

Full load 

34 load 

14 load 
Power factor 

Full load 

34 load 

14 load 
Full-load current 
Starting current 


1/(Voltage)? 
(Syn. speed —slip) 


Increase 23% 
Decrease 114% 
2/C€ 














Decrease 2 points 
Practically no change 
Increase 1-2 points 



































Increase 1 point 
Increase 2-3 points 
Increase 4-5 points 
Increase 11% 
Decrease 10-12% 


‘ 















































Voltage 











110% Voltage 


Increase 21% 
No change 
Decrease 17% 
Increase 1% 


Increase 14-1 point 
Practically no change 
Decrease 1-2 points 


Decrease 3 points 
Decrease 4 points 
Decrease 5-6 points 
Decrease 7% 
Increase 10-12% 


Table Il—General Effect of Voltage Variation on Induction Motor Characteristics (2) 


120% Voltage 


Increase 


14% 


No change 


Decrease 
Increase 


30% 
1.5% 


Small increase 


Decrease 
Decrease 


Decrease 
Decrease 
Decrease 
Decrease 
Increase 


16-2 points 
7-20 points 


5-15 points 
10-30 points 
15-40 points 
11% 


9 07 
oo % 











































































































































































































































Temperature rise, full load 
Max. overload capacity 
Magnetic noise, any load 


(Voltage)? 





causes a momentary increase in system voltage drop, 
which in turn affects other equipment. Lighting flicker 
is a common example. Since motor starting current in- 
creases in direct proportion to the applied voltage, the 
voltage fluctuation is aggravated by high system voltage. 

E ficiency. Heat losses are made up, in large part, of 
copper and core losses. Fortunately these react to volt- 
age variations in opposite directions, and the full-load 
efficiencies do not change drastically with the commonly 
encountered voltage variations. The fact that low volt- 
age decreases full-load efficiency is due to the prepon- 
derance of copper losses over core losses. 

Power factor. Since magnetizing current increases 
with voltage, the power factor of an induction motor 
becomes lower at over voltages. This can be expensive 
to the user where the power company rate structure 
includes penalties for low power factor. 

The most important effects of low voltage on induc- 
tion motors are decreased torques and increased tem- 
perature rise. High voltage is troublesome chiefly for 
the increased starting current and higher torques. 
Table I] summarizes the general effects of voltage varia- 
tion on induction motors. 

Synchronous motors. In starting, a synchronous 
motor operates as an induction machine. After d-c field 
is applied, the effects of voltage variation are still similar 
to those of induction motors. However, since the rotor 
field current is separately supplied, the maximum or 
pull-out torque varies directly with the armature volt- 
age. Slip does not enter into synchronous motor charac- 
teristics, and power factor can be controlled with field- 
current adjustment. 

Unbalanced phases. Satisfactory operation of poly- 
phase motors demands practically perfect balance of 
phase voltages. Table IIT illustrates the way in which 
line currents and _ total behave with different 
amounts of voltage unbalance. Note that with one 
phase 10 per cent low in voltage the current in one line 
goes to 144 per cent of rated. That much current 
through a properly selected overload relay would trip 
the motor off the line. However, standard motor starters 
include overload relays in only two of the phases. (3) 
Hence unbalanced voltages may burn out a motor. 


losses 


100 





Increase 6-7 C 
Decrease 19% 
Decrease slightly 


NOTE: Table shows general effects, which will vary somewhat for specific ratings 





Decrease 3-4 C 
Increase 21% 
Increase slightly 


Decrease 5-6 C 
Increase 44% 
Noticeable increase 







Magnetic contactors and relays are indispensable 
components of practically all industrial electrical control 
applications. NEMA standards for the design of mag- 
netic control equipment IC1-5.21 (4) call for satisfactory 
operation at voltages between 10 per cent above rating 
and 15 per cent under rating. The voltage rating of 
control equipment is the same as that of the associated 
motors (220, 440, 550 volts, etc.). Solenoids built to 
these standards can be relied upon to pick up and hold 
in even though voltage is only 85 per cent of rated. And 
at 110 per cent of rated voltage, the coils will operate 
without injurious heating and the structure will be so 
designed that the impact of pull-in will not be harmful 
mechanically. 

The NEMA standard for a-c contactors calls for 
successful closing at 85 per cent of rated voltage. How- 
ever, the dropout point is inherently somewhat below 
the minimum pick-up voltage. An average value of 
dropout voltage will be about 65 per cent of coil rating. 
Actually, some designs may hold in down to 50 per 
cent voltage, while others may drop out at 70 per cent. 

The operating voltage of an industrial plant will 
rarely, if ever, drop to a steady value low enough to 
drop out solenoids. But voltage dips associated with the 
starting of large motors can drop out magnetic devices 
unless care is taken in fitting the amount of motor 
inrush current to the size of the power supply. 


Table I1]—Effect in Per Cent of Unbalanced 
Phase Voltages on a Typical Induction Motor 


100 100 100 100 
100 100 100 100 
100 95 90 85 
100 122 144 170 
100 109 121 

100 79 


100 


Voltage, Line A 
Line B 
Line C 
Current, Line A 
Line B 
Line C 


Total Losses 
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Casting Resins for Embedment 


Newer techniques for unitized construction, miniaturization and 
printed circuits increasingly employ rigid plastics embedment for 
circuit subunits and components. To bring readers information es- 
sential for evaluating this significant development, a 16-page feature 
article in the September issue will: 

1. Analyze the design opportunities for embedded units 

2. Evaluate design considerations and casting techniques, and 

3. Summarize advantages and limitations and property data 

for the more important casting resins. 

Rapid developments now taking place in casting resins and cast- 
ing techniques are adding to the importance of this new method. 
While military design is making extensive use of embedment of 
circuit assemblies, civilian needs for mechanized assembly, added 
reliability and reduced cost of maintenance are strong factors behind 
wider applications in industrial and electronic control equipment. 





Varying voltage has its greatest effect on the ther- 
mionic emission of electrons by the cathode in election 
tubes. The cathode life is reduced by half for each 5 
per cent rise in heater voltage. This results from both 
reduced heater life and the higher rate of evaporation 
of the active material from the emission surface. 

Voltage somewhat below normal is not very serious 
in vacuum tubes, although the lower emission will mean 
reduced output. However, for gas-filled tubes such as 
thyratrons, low voltage and resultant low emission has 
serious consequences. If the emission is insufficient to 
carry the load current, gas molecules bombard the 
cathode surface and may destroy it quickly, wrecking 
the tube in a matter of minutes. For this reason, it is 
especially important to watch heater voltage on gas- 
filled tubes, not allowing voltage to drop below 95 per 
cent of rating. 

Though the effects of voltage change are most critical 
from a cathode-and-heater standpoint, it is also impor- 
tant in other parts of the circuit. Standard industrial 
tubes are designed for a voltage tolerance of plus and 
minus 5 per cent. Though even closer control often is 
to be desired, these limits are recommended for elec- 
tronic equipment in general. 

In the planning of plant power distribution systems, 
primary attention is usually not given to the mainte- 
nance of very narrow voltage spreads. The most eco- 










Table IV—AIEE Recommended Voltage 


Spreads for Systems Serving General 


Polyphase Motor Loads (2) 


Limits of voltage at 
motor terminals 





Motor rated voltage 









220 210 — 240 
440 120 — 480 
550 525 — 600 
2300 2250 — 2480 
4000 3920 — 4320 
4600 1500 — 5000 
6400 6470 — 7130 
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nomical plant installation demands that some voltage 
drops be present, and uncorrected, as shown in Fig. 1. 
This has been recognized by the manufacturers, as evi- 
denced by the following quotation from the NEMA 
standards for motors and generators: 

‘Motors shall operate successfully at rated load and 
frequency with voltage not more than 10 per cent above 
or below rated voltage, but not necessarily in accordance 
with the standards established for operation at- normal 
rating.’”’(5) 

In recent years there has been encouraging progress 
made in the improvement of system voltage conditions. 
Load-center systems have become universally adopted, 
and because of their small substations with short low- 
voltage feeders (about as shown schematically in Fig. 
1) voltage spreads have become narrower. Operators 
have also begun to realize more than ever the advan- 
tages of good voltage conditions, and are using regulat- 
ing equipment more often and more effectively. 

In 1947 the AIEE Sub-Committee on Industriai 
Voltage Requirements published a report (2) that 
makes some definite recommendations on allowable 
voltage spreads. These recommendations are shown in 
Table IV. They are based primarily on compromises 
between satisfactory motor performance and the kind of 
conditions that can be economically maintained by 
modern plants. 

For low-voltage industrial systems, with motors rated 
220, 440, and 550 volts, the recommended limits are 
4.5 per cent below and 9 per cent above motor rated 
voltage. For larger motors, rated 2300 volts and above, 
proper motor performance is still more important, and 
voltage drops in the supply system are more easily kept 
down. The recommended limits here are 2 per cent 
below and 8 per cent above motor-rated voltage. 

Note that these limits are within the plus 10 per cent 
and minus 15 per cent band recommended for magnetic 
control. But they allow higher voltage than the plus 
5 per cent recommended for electronic control. Actu- 
ally, this high-voltage condition will not be encountered 
often by the tubes; it occurs at times of light substation 
load, or no load, when most of the utilization equipment 

(Continued on page 252) 
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For Packaging Coins 


PERATION of this high-speed ma- 

chine is completely automatic from 
the time loose coin is deposited in the 
floor-level hopper at rear of the ma- 
chine (right) through counting, wrap- 
ping, crimping and imprinting to the 
final operation in which the rolls are 
deposited in trays in counts of fifty. At 
the time development on this new ma- 
chine was started by Johnson Fare 
Box Company, Chicago, two goals were 
set up: 

1. Operation speed must exceed that 

of any other device in production. 

2. Physical labor must be eliminated. 

Completed machine meets both re- 
quirements. It has a production rate 
of 20 rolls per min, and speed is in- 
dependent of operator. In fact, one 
operator can supervise two or more 
machines. 

Loose coin deposited in hopper is el- 
evated to the counting mechanism (left) 
under control of a “demand” switch. A 
suction cleaner removes dirt and for- 
eign material. When required count is 
reached coins are bypassed back into 
the machine until the next wrapper is 
in place, thus avoiding starting and 
stopping the feeding mechanism. 


AUGUST 1951 


EPA MITC SO 


ee ee a 


MN TNE Ty ARES eat 













































New Vacuum System 


OR evaporating metals and _ salts, 
sputtering, applying metallic films, 
vacuum distillation and other operations 
requiring low pressures this new vacuum 
system developed by Radio Corporation of 
America, Camden, N.J. consists of a bell 
jar and a high-speed pumping unit. Pump- 
ing system and valving are similar to those 
used in the RCA Universal model electron 
microscope. A mechanical pump and an 
oil diffusion pump together pull a vacuum 
of 0.1 micron Hg in less than 7 min. Pres- 
sure is measuerd by a cold-cathode dis- 
charge gage. 

Equipment includes a low-voltage high- 
current power supply for heat, and a high- 
voltage supply for ionization clean-up of 
the vacuum chamber. All controls are 
grouped on the front panel. Valving sys- 
tems are solenoid operated; bell jar is 
counterweighted and lifted by a hoist. 
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Variable-Speed Film Drive 





High Speed High Speed 
motor motor 


R.H. 


Clutch core and 

Brushes’ pulley locked 

ae Jogether but running 
Clutch arrmnature : free on motor shaft 


~-Clutch core Clutch armature 


Radiation Monitor 
for One-Hand Use 


AJOR requirements set up 
to guide the development of 
this radiation monitor at Tracer- 
lab, Boston, were: 
1. Size small enough to be car- 
ried in the pocket. 
2. One-handed operation. 
3. Selling price below $50. 
By combining the form and 
shape of a photographic exposure 
meter, and the miniaturization 
techniques used in hearing aids, 
all these requirements were met. 
Main problem in meeting size 
limitations was the meter which 
was solved by using a shallow in- 
strument developed by Weston for 
an exposure meter. Sealed ioniza- 
tion chamber is behind the open 
end of the case. Instrument is set 
to zero on the logarithmic scale 
by a pushbutton on the left side 
which disconnects the ionization 
circuit, while a potentiometer on 


the opposite side is adjusted. 

Electronic circuit consists of a 
pair of electrometer tubes and a 
two-tube cathode-coupled baianced 
bridge, feeding a d-c meter ele- 
ment with 100 microamp for full 
scale deflection. 

Three-piece case is plastics for 
lightness, appearance and easy de- 
contamination. Enclosure for ion- 
ization chamber is red; rest of the 
case is gray. 


pinned to motor 
shaft 
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Uses Four Series Motors 





For Either Right-or 
Left-Handed People 


PEED control for this new 

kitchen mixer, made by West- 
inghouse at their plant in Mans- 
field, Ohio, is designed for easy 
operation by either right or left 
hand; dial settings can be read 
from either side. Motor is rated 
at 14 hp at 14,000 rpm and draws 
140 watts. Speed control ranges 
from 275 to 900 rpm at the geared- 
down output shaft. 

As shown in the view with the 
cover removed, a steel worm on the 
motor shaft drives two phenolic 
gears. Bearing at the drive end 
is a self-aligning porous bronze 
sleeve impregnated with lubricant. 
Bearing at other end is a sealed 
ballbearing. Mechanism requires 
no lubrication in service. Radio in- 
terference eliminator is built in at 
the cord entrance. Compression 
springs in each beater shaft keep 
beaters in contact with bottom of 
bowl for better mixing. 

Motor housing, cover and base 
are die-cast aluminum with white 
and gray baked enamel finish. 
Handle is molded plastics. Head 
is readily removed from the stand. 
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ROWING applications for microfilm records 
developed a need for a microfilm reader in 
which the operator could remain seated while 
changing reels, and the film would run from de- 
livery reel to collecting reel in a straight line. In 
addition, the image had to be driven across the 
screen in either direction at any speed the operator 
selected. Other requirements included use of either 
16-mm or 35-mm film, single autofocal lens, and 
means for turning the image 90 or 180 deg. But 
the variable-speed two-direction film drive was the 
main problem. 

Answer finally developed for this drive by Die- 
bold, Inc., Norwalk, Conn., uses four small series 
motors two with built-in gear reducers. One geared 
and one direct-drive motor are used as a pair to 
cover the full speed range from zero to 5 ft per 
sec for each direction. Both motors in the pair 
drive the same shaft through a magnetic clutch 
which connects the desired motor. One knob thus 
controls both speed and direction of film. 
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Applying magnetic amplitiers- [II 





Performanee of SATURABLE REACTORS with 


Output power gain per cycle for a saturable reactor can be raised considerably 
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by use of feedback, obtained more simply by connection of half-wave recti- 
fiers in series with the output windings. Such a self-saturating magnetic ampli- 


EEDBACK is used with saturable reactors to 
K reduce the control power for a given value of 

response time, or conversely, to speed the 
response for a given control power. Stated tech- 
nically, the addition of feedback increases the ratio of 
power gain to time constant. This ratio may be ex- 
pressed as power gain per second of time or per cycle. 
When the per-cycle basis is chosen, the ratio may be 
defined as the power gain divided by the time in cycles 
of the supply frequency. With the exception of the 
region of very fast response time (when the residual 
time delay becomes important) this ratio is a constant 
over the full range of response times. This ratio is an 
important consideration, since for a specified response 
time, it defines the obtainable power gain for a given 
circuitry and core material. 

As pointed out in the previous sections (see box), 
the response time depends on the control circuit re- 
sistance, as does the control power. Increasing the con- 
trol circuit resistance re- 
duces the response time and 
the power gain as well so 
that the gain-per-cycle ratio 
remains constant. In what 
follows, the power gain 
per cycle is K,/T. 

For a simple saturable 
reactor, obeying the equal 
ampere-turn law (low con- 
trol impedance, proportional 
region) the K,/T ratio is 
about 4 per cycle on an 
average output current basis 
and approximately 5 to 6 
(depending on Ky, the form 
factor of the output current ) 
on an rms output current 
basis. These figures can be 
confirmed from the data 
contained in the first article 
in this sertes on simple 
saturable reactors. 
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fier has same gain as simple saturable reactor with unity external feedback. 





(A) Electrical 


VLA 


LjA3 


S 


‘= 


Rectifier 


Fig. 27—Electrical circuit and copper-iron cross-section 
of a simple saturable reactor with external feedback. 





Referring to Fig. 7 of the first article, and selecting a 
20-kva reactor as an example, on rms output current 
basis : 


135 power gain 
K,/T = ——————_ = 5.9 per cycle. 
23 cycles 
On average current basis, using a form factor of 1.2: 


135 
K,/T = — X (1.2)?= 4.1 per cycle 
23 
On average output current basis K,/T is theoretically 
4.0 per cycle. Referring to Fig. 26 of the previous sec- 
tion, by combining items 9 and 6: 


Ry Nmwiai Re Nw 2 
me FE ~ (-— *) 4 ( ~) 
R c Ni 4f Ry N ec 
This average output power gain per cycle value of 4 
can be raised considerably by the use of feedback. Prac- 










circuit (B) Copper-iron cross section 













1. Output windings 
2. Feedback windings 
3. Control windings 
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Part I, Ratings and Performance Data for simple Saturable Reactors, and Part II, Modes 
of Operation for Simple Saturable Reactors, of this series appeared in the March and 
April 1951 issues of ELECTRICAL MANUFACTURING and are now available to readers 
as a single reprint, see page 192. A fourth and concluding article will 
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tical values of 25 per cycle are feasible with the best 
available core material and rectifiers and gapless core 
construction. Upper limit of 1000 per cycle is cited as a 
practical value which can be relied upon for design of 
equipment and which can be consistently maintained in 
production. By going to lengths usually unwarranted 
at present in actual equipment designs, the power 
gain per cycle can be raised to 10,000 or 20,000 on a 
laboratory basis. The great increase in speed or gain, 
or both, resulting from the use of feedback has extended 
the applications of saturable reactors by permitting 
equipment performance not possible without feedback. 

Feedback in a simple saturable reactor can be accom- 
plished in a number of ways, of which two are of major 
importance: external feedback and self-saturation. The 
construction details, mechanical and electrical, of a 
simple saturable reactor with external feedback are 
shown in Fig. 27. Note that in addition to the load 
windings on the outside legs and the control winding 
on the center leg, there is an additional feedback 
winding placed on the center leg of the three-legged core 
structure. 

As was the case in the simple 3-legged reactors, the 
flux directions in the cores are such that no funda- 
mental voltage is induced in the control winding or the 
feedback winding on the center leg. This can be checked 
by tracing the circuit at the left and observing that the 
output windings would induce fundamental voltages of 
opposite polarity in the windings embracing the cen- 
ter leg. Actually of course, no fundamental frequency 
voltage is induced in these coils because of the bucking 
directions of the fluxes. That these fluxes must be equal 
can be seen by recalling that the output winding volt- 
ages are necessarily equal if the relative control circuit 
impedance is low. 

As long as the control impedance is relatively low, 
the mode of operation of the saturable reactor with 
feedback is exactly the same as was described for the 
simple reactor, with one major exception: The feed- 
back winding ampere-turns assist in equalizing the out- 
put winding ampere-turns, reducing the required con- 


"Now Engineering Manager, Regulator Equipment Corp., Mt. Vernon, N.Y. 
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trol winding ampere-turns by the amount of the feed- 
back winding ampere-turns. Otherwise the voltage, 
current and flux waveforms are the same as those found 
in the simple reactors and shown in Figs. 16 and 22 of 
the preceding section. 

Action of the feedback circuit is evident from a con- 
sideration of the equal-ampere-turn law. Ideally, with 
a series connection, Ny turns in the feedback winding, 
low control impedance, and operation in the positive 
proportional region where control and feedback ampere- 
turns have the same polarity : 


Te N. = Ty. Ni a Ty Nr 


But for the series connection, J;, = J; therefore, 


Ny 
IN; «Ty Ny (: — =) 
Nu 


Defining a feedback factor, B = Ny/Ny for the series con 
nection: 


IeNe =I, Nz (i — B) 

Similarly, for the parallel connection where feedback factor 
B = 2Nr/N1, 

Ty Ni 

Rita a 

2 

Thus the control ampere-turns are reduced by the 
factor (1-B) where feedback turns are added to the 
simple saturable reactor. From the formulas above, the 
general performance characteristics tabulated in Fig. 28 
can be obtained for the external feedback connection, 
just as was done in the preceding section for the simple 
reactor. Reference to Fig. 28 shows that the time con- 
stant has been increased according to 1/(1—B), while 
the power gain has been increased according to 1/(1— 
B).2 Thus although both the power gain and the time 
constant increase with B, the ratio K,/T has been in- 
creased with B according to 1/(1—B). 

The ideal characteristics of a saturable reactor with 
feedback in the region of negative control where the con- 
trol and feedback ampere-turns are of opposite polarity 
can also be found using the equal-ampere-turn law. 

As before, except in the region of negative control, 
for the series case: 
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I-N.—IpgNe =I, Ni,orl Ne =ILNi+I1r Nr 
= Jy and B = Nr/N1, 


Nr 
It m(1 + -) = J, Nx (1 + B) 
Ni 


Similarly, for the parallel connection, where B 


Ty Nz 
I-N. = —— (1+ B) 
2 


Ideal performance factors tabulated in Fig. 28 apply 
to the negative control region as well as the positive if 
B is considered plus in the positive control region and 
minus in the negative region. Thus in the negative con- 
trol region, feedback reduces the current, voltage and 
power gains, as well as the time constant. It reduces the 
power gain per cycle as well. 

The ideal formulas given above and expanded in 
Fig. 28 give reasonable approximations of the effects of 
feedback and are an excellent guide when used with 
appreciation of their limitations. First, no allowance is 
made for the ampere-turns necessary to saturate the 
the core magnetic material. See, for example, practical 
magnetization curve A versus ideal curve B in Fig. 15 
of the preceding section. Theoretically, according to 
the formulas, the control ampere-turns required would 
become zero as B approaches 1.0. Actually, this is not 
true because the core will require some magnetomotive 
force for saturation. If B becomes sufficiently greater 
than unity so that the feedback ampere-turns exceed 
the sum of the load ampere-turns and core magnetizing 
ampere-turns, bi-stable or snap action results. In some 
applications use can be made of this condition to give 
a relay, or on-off, type of operation. As B is increased 
from zero, however, the amplifier becomes more ‘sen- 
sitive to supply voltage, supply frequency and load 
resistance. Some consideration of the principles in- 
volved will show that this is so because the ampli- 
fier changes from an output current device with limited 
ceiling output when B is zero to a voltage device with 
internal impedance when B is 1. 

A second limitation on the ideal formulas of Fig. 28 
is that the saturated reactance drop is not included. The 
actual ceiling output is of course less than the ideal by 
the amount of this drop. A third limitation is that the 
formulas do not apply in the exciting-current region of 
operation. In general, the comments of the previous 
section with respect to the saturation and exciting-cur- 
rent regions of operation apply equally here. Typical 
saturation outputs will be given in an example to follow. 

It should be noted in applying the formulas that the 
total control circuit resistance FR, includes both the re- 
sistance of the control coil and that of the external cir- 
cuit. The total load resistance Ry, includes the actual 
load resistance and the resistance of the output wind- 
ings. The total feedback circuit resistance R; includes 
the resistance of the feedback winding and the forward 
resistance of the rectifier. A fourth limitation of the 
formulas is that they do not exactly apply to the series 
connection with high control impedance in the negative 
control region. 

Another limitation of the time-constant formula is 
that during a transient decay of output there is an 
added delay because of the feedback winding. This term 
appears in the time-constant equation as Np?/R’y. This 
occurs because the rectifier acts as a low impedance 
discharge path for the feedback winding in its forward 
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Table I—Comparison of Saturable Reactor with- 
out Feedback and Saturable Reactor with 


Feedback Factor Equal to Unity 


1. Output rating, rms 
2. Saturation output, per cent 
3. Range of output voltage 
1. Control ampere-turns 
5. Control power, watts 
6. Power gain 
7. Time constant, cycles 
(approximate) 
. K,/T (ms basis) 


Simple 
saturable 
reactor 


870 va 

97.5 72.0 

10.7 to 1 9 5tol 

500 70 

2.38 0.155 
295 3750 


Saturable reactor 
with unity 
external feedback 


585 va 


150 


oo 


direction. During a transient growth of output, how- 
ever, this is not true, as the transient in the feedback 


winding is in the inverse d 


For (more rapid) rise: Total 


For (slower) fall: Total 


irection of the rectifiers. 


oe 


2 


R 


Only the slower response time is shown in the ideal 
performance characteristic table. 


In the case of the parallel 
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Fig. 29 (Left)—Control characteristics of simple saturable reactor with various amounts of external 
feedback. Fig. 30 (Right)—Control characteristics of same reactor plotted on an enlarged scale. 





with external feedback, the output windings act as a 
path for discharge currents and introduce a third term: 
N?/Rac. This term applies equally to growth or decay 
of signal. 

A final limitation on the ideal formulas is that reverse 
current in the rectifier reduces the feedback ampere- 
turns, requiring more control ampere-turns. Thus for 
B=1.0, the control ampere-turns required are those 
necessary to saturate the core and overcome rectifier 
reverse current. With good selenium rectifiers, this 
effect can be neglected for silicon core materials, but 
must be considered where better core materials are 
used, particularly when a gapless construction is em- 
ployed. 

In order to illustrate the external feedback connec- 
tion and the application of the formulas for its opera- 
tion, the simple saturable reactor with cold-rolled silicon 
steel core described in the first section was modified for 
use in an external feedback circuit. The series-connected 
reactor circuit was used as before, and in both cases the 
total iron and copper are the same so that the ratings 
and performance are directly comparable. Taps were 
provided on the feedback winding to permit feedback fac- 
tors of 0, 0.5, 0.9 and 1.0. The control characteristics are 
shown in Fig. 29, while rating information for B=1.0 
in the series external feedback connection, Fig. 27, is 
given below : 


1. Rated output-winding voltage 132 volts rms 

2. Rated output-winding current 5.7 amp rms 

3. Rated output-winding frequency 60 cps 

+. Rated volt-amperes 585 

>. Rated control winding current 0.35 amp d-c 

6. Rated temperature rise 55C 

7. Output windings’ (each) 0.11 ohms at 20C 
70 turns 

Ss. 


Control winding 25 ohms at 20C 
900 turns 
0.20 ohms at 20C 

70 turns 
10. Full-output control ampere-turns 70 


11. Typical load resistance 18 ohms 


9. Feedback winding 


The control characteristics of Fig. 29 show increased 
gain in the positive region due to the addition of feed- 
back, and decreased gain in the negative region. Dotted 
lines indicate the theoretical location of the curve in 
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the proportional region. For B=0, the equal ampere- 
turns law applies and is seen to be in reasonably good 
agreement with the measured data. The usual effects 
of exciting current and saturated reactance on the ac- 
curacy of the equal ampere-turn relation are present, 
just as in the simple reactor. See for example, Fig. 12 
of the previous section. 

As B is increased from 0 to 1, the slope in the pos- 
itive control region approaches that dictated by the 
magnetic characteristics of the core, rather than the 
theoretical value. In the negative control region with 
B=1.0, the ideal relation would be: N. /.=2Ny, I. 
This is shown dotted in Fig. 29 and is seen to be in 
agreement with the measured data when allowance is 
made for the usual saturation and exciting-current 
effects. 

To illustrate more clearly the effect of using unity 
feedback factor, the control characteristics of Fig. 29 
for B=0 and B=1.0 are shown in Fig. 30 with the 
control ampere-turns scale expanded about ten times. 
The ideal relations are represented by dotted lines as in 
the previous figure. The slope of the curve B=1.0 in 
the positive control region is about 7 amp-turns output 
per amp-turn control, compared with the normal 1 amp- 
turn per amp-turn for B=0. This would have been 
difficult to evaluate on the curve of Fig. 29 because of 
the scale. The useful saturation output would be dif- 
ficult to determine on this figure also, 

Considering first the saturation output of the reactor 
with external feedback as compared with the simple 
reactor, saturated reactance drop is higher with the 
feedback reactor. For the simple series-connected satur- 
able reactor the maximum theoretical average output 
current was: 

0.9 x 132 
Ty (average) = ————— = 5.95 amp 
20.22 

The actual maximum output current in this case was 
about 5.75 amp. Thus the actual output current as a 
percentage of ideal output current is: 

75 
—x 100 = 96.5 per cent of ideal 
9 


| wm 


on 


Fig. 29 shows that the maximum output current when 
B=1.0 is about 5.4 amp; but with Rp=18 ohms, rather 
than 20. Hence: 
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MAGNETIC AMPLIFIER—A magnetic amplifier is a device 
using saturable reactors either alone or in combination with 
other circuit elements to secure amplification or control. 


SELF-SATURATION—Self-saturation in a magnetic ampli- 
fier refers to the connection of half-wave rectifying circuit 
elements in series with the output windings of the satur- 
able reactors. 


FEEDBACK—Feedback (in a magnetic amplifier) is a 
circuit connection by means of which an additional magnet- 
omotive force that is a function of the output quantity is 
used to influence the operating condition. 


SIGNAL (INPUT, CONTROL)—A signal is an independent 
input variable. It is applied to the magnetic amplifier as 
an independent magnetomotive force. 

OUTPUT WINDINGS (a)—Output windings of a saturable 
reactor are those windings other than feedback associated 
with the load and through which power is delivered. 
CONTROL WINDINGS (b, c, d)—Control windings of a 
saturable reactor are those windings by means of which in- 
dependent magnetomotive forces are applied to the core. 
BIAS WINDINGS (b)—Bias windings of a saturable re- 
actor are those control windings by means of which the 
operating condition is translated by an arbitrary amount. 
SIGNAL WINDINGS (c)—Signal (input) windings of a 
saturable reactor are those control windings to which the 
independent variables (signals) are applied. 

FEEDBACK WINDINGS (d)—Feedback windings of a sat- 


urable reactor are those control windings to which the 
feedback connections are made. 


(c) 


Fig. 31—Magnetic ampliflier terms defined 
using single-phase bridge circuit for illustration. 


§.4 18 a nal feedback reactor for B—1.0, there should result an 
—— x — x 100 = 82 per cent of ideal. 


5.95 20 increase of average power gain per cycle of about the 
same amount in the proportional region. Because of 
the saturation effect, the power gain per cycle reflected 
by the rating will be less, as shown in the Table I, which 
compares the simple reactor and the one with feedback. 

Representative performance figures for saturable re- 
actors with feedback and core materials different from 
that in the previous example can be stated only ap- 
proximately and as a function of size or rating. For 
unity feedback factor, series connection, 60-cycle oper- 
ation and using an average output current basis, the 
values in Table II are typical. 

Lower values of K,/T apply to the lower power 
ratings, while the higher values apply to the higher 
ratings. The values in Table II apply to the full control 

4.74 18 range of the amplifier. If the range of control is re- 

—— x — x 100 = 72 per cent of ideal. duced so that it covers only the linear portion of the 

Doo GD ° 4s a wie: eh ; 

control characteristic, the values of K,/T increase. If, 

Thus the increased gain results from some sacrifice for example, the control is reduced to 75% of its full 
of range and output. The difference between the com- 
pletely saturated output point and the maximum usable 
output point is the difference between the complete ; : 
sabia flux density and the maximum slide er Table li—Effect of Core Material on Perform- 

: ance of Saturable Reactors with Feedback 


From Fig. 30, however, it is obvious that at 5.4 amp 
output, the amplifier is quite saturated and has very low 
gain. In an open-loop control system, this would result 
in poor linearity and large error. In a closed-loop 
control system a great change of gain is also undesirable 
because a gain great enough to hold the desired ac- 
curacy when the reactor is saturated would yield a 
system difficult to stabilize when the reactor is un- 
saturated and has higher gain. Practically, for most 
control systems, the usable range of output in Fig. 30 
would be from 0.75 to 4.75 amp output. For a maxi- 
mum output of 4.75 amp the percentage of ideal output 


1S: 


density. This factor is known:as the saturated reactance 
dr Ip (IX ) and has been discussed in the previous sec- Range of K,/T K,/T 
tions. If a core material were available which had in- Material _—_—_—sratings watts per sec _ per cycle” 
finite permeability before saturation and zero perme- Butt-jointed cold-rolled : : 
a ; y 0 Chae peal a ioe — 
ability after saturation, there would be no saturated oriented silicon steel = 60-2500 =: 900-2100 15-35 
. . i : Gapless 50% nickel 
reactance drop. No practical core material, however, has laminations 0.5-200  2400-21,000 40-350 
this characteristic. Gapless 80% nickel - 
ae ee ~ Batt . ° : laminations 0.01-10 1200-30,000 20-500 
Considering the 7-to-1 increase in slope of the exter- 
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value, the increase in K,/T is approximately 35% for 
the grain-oriented silicon steel, 80% for the 50% nickel 





alloy, and 45% for the 80% nickel alloy. To obtain 
K,/T values for rms output, either refer to Fig. 13 
for the form factor at the particular percentage of aver- 
age ceiling output obtained, or use a rule of thumb value 
of 1.2. 

The physical configuration of the simple saturable 
reactor with feedback can assume several forms. The 
most common one is shown in cross-section in Fig. 27. 
This is a three-legged core structure with load wind- 
ings on the outside legs and ‘control windings (includ- 
ing the feedback winding) on the center leg. Other 
possible configurations were shown in Figs. 24 and 25 in 
the previous section. The reasons that these arrange- 
ments are not normally used with external feedback 
reactors are much the same as those listed for the simple 
reactor, namely : 


1. Induced voltages in the control windings (insula- 
tion difficulties ) 

2. Practical limit to output winding turns 

3. Leakage flux considerations 

4. Response-time considerations 

5. Circuit protection. 


Refer to the previous section for a detailed dis- 
cussion of these items. 

Size and weight comparisons as between simple re- 
actors and feedback reactors are difficult to make ex- 
actly because of the designer’s freedom to trade size 
for speed, linearity or ceiling output. In the previous 
example, the reactors are of the same size and weight; 
the simple reactor is rated at 870 va and the feedback 
reactor, 585 va, a ratio of 1.5 to 1. In general, because 
of the loss in ceiling output, feedback reactors will be 
from 25 to 50 per cent larger and heavier than simple 
reactors of the same rms va rating. Thus Fig. 8 of the 
first section can be used to approximate the weight of 
feedback reactors by multiplying the ordinate by 1.25 or 
1.50. For the effect of supply frequency, range of out- 
put, and core material on size and weight, refer also to 
the first section. 


Saturable Reactors with Self-Saturation 


Improvement in saturable reactor performance ob- 
tained by use of external feedback can be realized more 
simply by making use of self-saturation. Any saturable 
reactor can be appropriately connected with one or 
more rectifiers as a self-saturating magnetic amplifier. 
In order to clarify the terminology, the more important 
features of a self-saturating magnetic amplifier are de- 
fined and illustrated in Fig. 31. 

The self-saturating circuit has the same gain and the 





Table 11l—Ratings of Same Saturable Reactor 
in Different Circuits 





Per cent Rms_ Average 
ideal Form rating rating 
Circuit | output factor va watts 
Simple | 97.5 1.12 870 695 
External feedback 72 1.26 585 370 
Self-saturating a 1.26 665 120 
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Fig. 32—Control characteristics of self-saturating mag- 
netic amplifier made with cold-rolled, grain-oriented 
silicon steel core material. 


same K,/T ratio as the simple saturable reactor with 
unity feedback. Fig. 32 shows the control characteristic 
of a small reactor with grain-oriented silicon steel core 
connected in a self-saturating circuit. This is the same 
structure used to illustrate the simple reactor with ex- 
ternal feedback. A direct comparison of the two control 
characteristics is therefore possible on a straight for- 
ward basis (see Fig. 30). Note that both the slopes 
of the control characteristics and the values of the 
saturation outputs are the same for the two circuits. 
For the external feedback circuit with B=1.0, the slope 
in the region of positive control has been increased and 
the slope in the region of negative control decreased as 
compared with the simple reactor. For the self-saturat- 
ing circuit, the slope in the region of positive control 
also has been increased, while that in region of negative 
control decreased by the same amount, since the equal 
ampere-turn law applies to the self-saturating reactor 
in the region of negative control. The ratio of slopes 
in the two regions (front-to-back ratio) is 14 for 
both examples. In general, typical values of the front- 
to-back ratio are about 20 for amplifiers with butt-joint, 
oriented silicon cores and from 100 to 1000 with 80 
per cent nickel alloy cores. 

On the basis of the performance obtainable, there is 
little to choose between the self-saturating magnetic 
amplifier and the external feedback amplifier with unity 
feedback. One arrangement might be preferred over the 
other for practical reasons other than performance, such 
as size or weight, circuit connections, a requirement for 
gain adjustment or availability of high-quality recti- 
fiers. Many of these factors favor the self-saturating 
circuit. First, the windings on the reactor are simpler, 
since no external feedback winding is required, the 
load winding being used to furnish feedback propor- 
tional to load. The self-saturating circuit allows greater 
output power from the same frame size because of the 
elimination of the feedback winding and the consequent 
availability of more “window” area for the output wind- 
ing. 

As an example of the relative practical ratings of the 
same reactor structure as a simple reactor, one with 
external feedback, and one with self-saturation, the 
ratings of the reactor with oriented core material de- 
scribed in the previous sections are listed in Table III. 
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A-C 
supply 


load 


Contro/ winding - Hi Output winding 


Contro/ 


supply 


For the three connections, rated supply voltage and 
frequency are used, and the temperature rises are 
equal. The rated output is given on the basis of aver- 
age output current as well as on an rms basis, the 
ratio between the two being taken merely as the square 
of the form factor at the particular percentage of ideal 
output obtained at saturation (See Fig. 13 of previous 
section ). 

While simplicity and somewhat increased rating favor 
the self-saturating circuit, the external feedback circuit 
is sometimes preferred because of readily adjustable 
gain and easier reverse current requirements for the 
rectifiers. 

Mention of some of the more important applications 
may serve as an indication of the range of usefulness of 
self-saturating magnetic amplifiers :, 

1. As control and power amplifiers in speed and 
voltage regulators. 

2. As “trigger” or relay devices when operated with 
extra positive feedback. 

3. As amplifiers for signals originating in thermo- 
couples and photo-electric cells. 

4. As control and power amplifiers in servo-mechan- 
isms. 

5. As control devices for the newly developed mag- 
netic-particle clutch. 

Application data required for a self-saturating mag- 
netic amplifier is as follows: 

1. Circuit diagram showing connection and identifica- 
tion of components. 

2. Number of turns and resistances (at a specified 
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A-c supply 


J3-phase Contro/ 


Four of the more common self-saturating mag- 
netic amplifier circuits: 

Fig. 33 (Left at top)—Doubler circuit. 

Fig. 34 (Left, center)—Full-wave circuit. 

Fig. 35 (Left)—Single-phase bridge. 

Fig. 36 (Above)—Three-phase bridge. 


temperature) of each control winding. 

3. Curves describing the operating characteristics. 

4. Typical operating conditions. 

The circuitry involved in self-saturating magnetic 
amplifiers is basically simple. In general any metallic 
rectifier circuit with reactors in the anode leads is a self- 
saturating magnetic amplifier. Thus all the well-known 
rectifier circuits are suitable for self-saturating mag- 
netic amplifiers, such as the single-phase center-tap. 
bridge and doubler, and three-phase half-wave and 
full-wave, as well as 3-phase double-wye with inter- 
phase transformer, and so on. 

Figs. 33, 34, 35 and 36 show four of the more com- 
mon self-saturating circuits. These circuits can be con- 
structed using units of two core-type reactors, on one 
three- or four-legged reactor per phase. If core-type 
reactor structures are used, the control windings must 
be connected in such a way that the fundamental volt- 
ages induced in them by the output windings cancel. 
If three- or four-legged structures are used, the load 
windings must be connected in such a way that the 
fundamental flux cancels in the center leg, and induces 
no voltage of fundamental frequency in the control 
windings. The connections must also be made so that 
direct current flowing in the control winding either 
aids or bucks the load current in saturating the cores 
of all reactors simultaneously. That is, the control mag- 
netomotive force must be in same direction as the out- 
put winding magnetomotive force in all reactors, or 
must buck it in all reactors. 


(Continued on page 244) 
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Ninyl plastics for RIGID paris 


Excellent properties of polyvinyl chloride have heretofore not been avail- 
able for rigid applications owing to resin-processing difficulties. Increasing 
plasticizer content to reduce this difficulty has failed to solve the problem, 
since this causes a significant loss in physical properties. A new high-molec- 


ular-weight polyvinyl chloride resin described here opens possibilities for 
rigid-part applications because of its added toughness and higher tempera- 
ture-softening point. It can be processed satisfactorily on conventional equip- 
ment without the aid of plasticizers. Several applications are suggested. 





C. E. PARKS Manager, Product-Development Laboratory, B. F. Goodrich Chemical Company 


UTSTANDING properties of polyvinyl chloride 

resin have been known for more than 30 years 

but originally the resin was a very tough and 
bony material which at that time was difficult to process 
for any useful purpose. Some ten years later through 
the work of Dr. Waldo Semon of The B. F. Goodrich 
Company and others, it was learned that certain high- 
boiling liquids would permanently soften this polymer 
and make it possible to process it on rubber equipment. 
This discovery has made possible today’s huge vinyl 
plastics industry and its wide-range applications. 

But certain properties were lost when these plasti- 
cizers were added. The acid-, alkali-, solvent-, heat- 
and light-resistant and electrical properties were inferior 
to the original polymer. Although it is recognized that 


the multitude of the present day uses for vinyls requir- 
ing soft pliable materials would be impossible without 
plasticizers, on the other hand it may be possible to find 
just as many uses for the rigid unplasticized material 
once we are able to process it properly. However, it is 
important that we do not confuse the term “hard vinyls” 
as produced by reducing the plasticizer content, with 
“rigid vinyls” which are made by processing the resin 
entirely without plasticizer. The “hard vinyls” still 
belong in the plasticized classification because their 
physical and chemical properties are similar. They 
differ only in relation to the amount and types of plasti- 
cizers used. On the other hand, the “rigid vinyls” 
retain the unmodified properties of the pure polyvinyl 
chloride which are superior in every respect when 





Extruded pipe (left) from Geon 404 rigid vinyl has possible application for conducting corrosive materials in- chemical 
equipment, or as cooling coils. Rigid vinyl fume hood, welded by hot-gas techniques illustrates uses for this material 
in equipment parts required to resist corrosive chemical fumes, ete., where metals would not be adequate. Typical ap- 
plication could be sealed air-conditioning unit, or other equipment where similar requirements are encountered. 
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Tensile strength, psi 
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Loading, parts per 100 resin 


articles of the greatest hardness, toughness and rigidity 
are desired. 

Another effort to capture the superior unique prop- 
erties of the unplasticized vinyl chloride polymer led to 
the development of a large number of resins made by 
copolymerizing vinyl chloride with small amounts of 
various other monomers. By this method resins are 
produced which can be processed without plasticizers, 
but the fundamental properties are not normally equiv- 
alent to those of straight polyvinyl chloride. The usual 
co-monomers also act as modifiers which result in lower- 
molecular-weight resins and therefore reduce the heat- 
distortion point, flexural strength, tensile strength, shock 
resistance, insulation resistance, as well as the chemical 
and solvent resistance. In summary, both attempts to 


improve processability by copolymerization or by plas- 
ticization result in a degradation of the properties inher- 
ent in the unmodified polyvinyl chloride resin. 

A new high-molecular-weight polyvinyl resin (iden- 


tified as Geon 404), as recently developed by B. F. 
Goodrich, can be processed without plasticizer on con- 
ventional plastics equipment, and according to test data 
which follows seems to suffer no degradation of these 
properties. 

For the sake of clarity, the two methods of modifica- 
tion are dealt with separately. Copolymerization will be 
considered first. The tests were carried out on unplas- 
ticized samples of four resins selected to represent the 
range of hardness most commonly used. They are Geon 
400x65, which is a relatively soft polymer ; Geon 202, a 
slightly modified polyvinyl chloride; Geon 101: a high- 
molecular-weight polyvinyl chloride and the Geon 404, 
a high-molecular-weight vinyl chloride polymer which 
can be processed without plasticizer. Although two of 
these resins (Geon 101 and 202) are not normally con- 
sidered processable without plasticization, they are in- 
cluded here only to show the potential properties of 
high-molecular-weight polyvinyl chloride resins. The 
second part of the data deals with the effect of plastici- 
zation on physical properties and for this comparison 
the same resins again were used. They were plasticized 
using three types of plasticizers; i.e., ester (dioctyl 
phthalate), polymeric (Paraplex G-50), and solid ester 
(dicyclohexyl phthalate). The effects were studied at 
levels of 2, 5, and 10 parts per 100 parts resin (by 
weight) for each plasticizer and each resin. The test 
procedures employed are those which are normally 


114 


Impact resistance (falling ball method): 


Flexural strength, psi 








30 40 50 
Loading, parts per 100 resin 


applied to any rigid thermoplastic material. For the most 
part, standard ASTM procedures were used. The test 
method is indicated on each graph. 

One procedure requires some explanation at this 
point. It is a heat deformation test which has been 
used in the B. F. Goodrich laboratories for a number of 
years te compare the relative softening points of the 
various samples. It approximates the effect which might 
be expected in service of a molded piece under no stress 
at elevated temperatures. 

The test is carried out in the following manner. Sam- 
ples 1 in. wide, 6 in. long, and approximately 0.1 in. 
thick are cut from a molded sheet. A jig is constructed 
in which the samples are clamped at one end and extend 
out horizontally. The vertical distance between the free 
end of the sample and the base of the jig is measured and 
recorded. The jig is then placed in a circulating air 
oven at a temperature below the softening point of the 
softest sample. The samples are allowed to age for % 
hr and the vertical distance is again measured and re- 
corded. The temperature of the oven is then raised 10 
F, and the samples aged for another half hour. Again 
the distance is measured and the oven temperature 
raised another 10 deg. 

This procedure is continued until the highest-temper- 
ature resin sample has bent sufficiently to touch the 
bottom of the jig. The distance measurements are plot- 
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Fig. 4—I mpact resistance test; comparison between rigid 
vinyl resin (Geon 404) and other materials. Note how 
closely the rigid vinyl approaches cellulose acetate. 
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ted against the temperature to obtain the softening 
curve of the sample. This is illustrated in Figs. 5 and 6. 
The temperature at which the sag curve is extended to 
zero is referred to as the softening point. This method 
gives results which are very comparable with those 
obtained by the ASTM Heat Distortion Test at 264 psi 
fiber stress. This test is much faster, as a number of 
samples can be run simultaneously. It has an added 
advantage in that a softening curve is obtained, rather 
than a single point. 

Turning now to the data, Fig. 1 shows the tensile 
strength of the four resins through a range of loading. 
The loading used in this study was a fine-particle whit- 
ing. Note that the tensile strength drops off when the 
softer resins (Geon 202 and Geon 400x65) are used. 
It will also be noted that the new resin, Geon 404, has 
initially a lower tensile strength as compared to Geon 
101, but the value drops at a lesser rate when loading is 
added. At 30 parts loading the values are equal, and 
above 30 parts Geon 404 shows better tensile strength. 

Similar situations occur with regard to flexural 
strength, as shown in Fig. 2. Again the softer resins 
have a lower value than the high-molecular-weight poly- 
vinyl chloride resin. And again the Geon 404 resin has 
a flatter loading curve. Young’s modulus shows a differ- 
ent pattern in Fig. 3. Initially Geon 404 occupies its 
place between Geon 202 and Geon 400x65 as in the case 
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Fig. 1—Tensile strength of unplasticized Geon 404 and con- 
ventional vinyl resins in unplasticized state (ASTM D638- 
49T). Fig. 2—Flexural strength of these resins (ASTM 
D790-49T). Fig. 3—Modulus of elasticity (D790-49T). 


of tensile and flexular strength. Upon loading, however, 
Geon 404 exhibits only a slight increase in modulus, 
while the other resins show a considerable increase. 
This indicates that Geon 404 retains most of its original 
resiliency even when fairly heavily loaded. 

Impact resistance comparison data between Geon 404 
and other rigid plastics (Fig. 4) were obtained by the 
falling ball method. It was necessary to use thin sam- 
ples in order to break them with a reasonable force. 
A 535-gm steel ball was dropped on unsupported 
6 x 6x 0.25- in. samples clamped in a frame. The height 
from which the ball was dropped was increased succes- 
sively until the sample broke. Geon 404 showed up sec- 
ond only to cellulose acetate, one of the best plastics in 
impact resistance. The change in stiffness of unplasti- 
cized polyvinyl chloride compared to a standard dioctyl 
phthalate plasticized compound was measured by the 
Clash-Berg method. It was noted that there is prac- 
tically no change in the stiffness of the unplasticized 
Geon 404 from +70 F to —70 F, while the plasticized 
compound stiffened rapidly as the temperature was 
decreased. 

The heat-softening curves of the resins tested are 
shown in Fig. 5. Lower curves represent the unloaded 
resin. The shaded portion indicate the slight increase 
in softening temperature when the resins are loaded over 
the range of 0-80 parts whiting to 100 parts resin. 
The softer resins, Geon 202 and Geon 400x65 are 
shown to have lower softening points than Geon 101. 
Geon 404, on the other hand, has a higher softening 
point despite the fact that it can be processed easily at 
conventional temperatures. 

Increasing plasticizer content generally results in a 
lowering of tensile, modulus, and flexural strength 
values. The solid ester type (dicyclohexyl phthalate) 
has very little effect because it causes practically no 
softening of the resin at room temperature. The more 
efficient the plasticizer (Paraplex G-50 and dioctyl 
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Fig. 5 (Left)—Heat distortion performance, rigid vinyl against conventional vinyl plastics in unplasticized state (sag 
curve method). Fig. 6 (Right)—Heat distortion temperature of these resins when plasticized with varying proportions 
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of dioctyl phthalate. (Numerals in parentheses indicate part plasticizer per 100 parts of resin.) 
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Table I—Comparative Properties of 
Vinyl Wire Insulation 


Plasticized* 


Rigid vinyl 
vinyl 


Properties (Geon 404) 


Insulation resistance, megohms, 
1000 ft, @ 50 C, @ in.wall 


Dielectric strength (vpm) @ 25 C 
in water 
‘@ in.wall 
i in.wall 
Power factor @ 1000 cycles @ 25 C 
Dielectric constant @ 1000 cycles 
@ 25C 5-7 3.0-3.2 
Loss factor @ 1000 cycles @ 25C 0.35-0.6 0.045—-0.064 
Power factor @ 1000cycles @50C 0.09-0.11 0.012-0.017 
Dielectric constant @ 1000 cycles 
@50C 6-8 3.2-3.4 
Loss factor @ 1000 cycles @50C 0.54-0.88 0.038-0.058 
Tensile strength, psi 2000-3000 6500-8500 
200-300 15-258 
65-95A 82D 
1.3-1.4 1.35-1.45 


50-100 20,000—35,000 


700-900 
600-800 


0.07-0.09 


1200-1300 
800-1000 


0.015-0.02 


Elongation, per cent 

Hardness, Durometer 

Specific gravity 

Low temperature flex (6 turns 
around 0.3 in mandrc') passes 
2 hr/deg F —30° to —50° —70° 

Heat shock, 1 hr/120 C OK OK 

Air-oven aging, 7 days @ 100 C. 


Per cent retention of elongation 70-90 100 


Abrasion Resistance” Taber 
Abrader (60 D2R) 
5000 rev., weight loss, gm 0.25 
volume loss, cc 0.185 


0.085 
0.060 


*Standard wire insulation. 


® Jaw separation | in. minimum. > Run on tensile sheets. 


phthalate), the greater is the detrimental effect. The 
addition of plasticizer tends to improve impact resist- 
ance; this improvement, however, is slight over the 
range of plasticization studied here, and the differences 
are obscured by experimental error. 

One of the most important properties to be considered 
in a rigid thermoplastic is the heat-distortion temper- 
ature. A great amount of effort is spent in attempts to 
keep this value as high as possible. This fact explains 
why plasticizers cannot be used as processing aids in 
rigid vinyls. Fig. 6 shows the effects of low-plasticiza- 
tion on this property. Dioctyl phthalate is the only 
plasticizer whose effect is illustrated, but all other 
plasticizers, including the solid ester type, have essen- 
tially the same effect. As little as 2 parts plasticizer per 
100 parts of resin cause the heat distortion temperature 
to drop between 5 F and 10 F. By the time the plasti- 
cizer is raised to a point where processability is attained, 
the softening point is drastically lowered. At the 10- 
part level the heat-distortion temperature has dropped 
by 35 to 45 deg. Thus it may be seen that the use of 
plasticizers in rigid vinyls as a processing aid should 
be avoided if possible. 

Unplasticized resins show very good resistance to 
common chemicals, but are attacked by some solvents 
such as acetone. Plasticization does not change the 
resistance to common chemicals, but decreases the resist- 
ance to solvents. This is evidenced by the weight change 
when immersed in carbon tetrachloride. 
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Abrasion resistance of the four Geon resins discussed 
is approximately the same; in the case of the softest 
resin Geon 400x605, an increase in loading shows a 
rather marked decrease in abrasion resistance. But 
abrasion resistance is considerably improved by the 
addition of small accounts of liquid type plasticizers ; the 
effect is probably tied up with softening action which 
would make the surface more resistant to abrasion. 

In the electrical field, plasticized polyvinyl chloride 
has enjoyed acceptance both as primary insulation ma- 
terial, and as jacketing stock. Here again, the addition 
of plasticizer was necessary for the vinyl compound to 
be processed and extruded satisfactorily. However, it 
was realized that the addition of plasticizer affected not 
only the physical properties of the resultant insulation, 
but also its electrical properties. Generally, the addition 
of any compounding ingredient to straight polyvinyl 
chloride resin degrades its electrical properties. Table | 
compares typical properties of wire insulation prepared 
from standard plasticized vinyl compounds and from the 
new Geon 404 rigid polyvinyl chloride. 

Rigid vinyl insulation prepared from Geon 404 has 
electrical properties which seem definitely superior to 
and unattainable with plasticized polyvinyl chloride. 
This fact indicates that new and broader applications of 
vinyls in the electrical field are assured. The combina- 
tions of its superior physical properties, such as de- 
formation resistance, abrasion resistance, cutting re- 
sistance, etc., and its excellent electrical properties 
should be jointly considered for any intended use. 

Electrical properties of rigid polyvinyl chloride sug- 
gest the following applications: 

Weatherproof line wire in which its good de- 
formation and abrasion resistance, good low tem- 
perature and high dielectric strength are employed. 
As a primary insulation eliminating the need for 
a jacket in those applications where, because of 
the inherent deficiency of the primary insulation, 
a thin jacket (generally nylon) is applied as a 
second extrusion to impart abrasion and deforma- 
tion resistance. Included in this category are 
military field wire and military aircraft wiring. 
For primary insulations where very high electrical 
properties are required which cannot be met by 
plasticized vinyls (television lead-in wire, com- 
munication and signal wires). 

For other military applications such as radio hook- 
up wire to meet specification MIL-W-76-A and 
Spiral 4 wire which require excellent physical as 
well as electrical properties. 

For such uses which require compositions that do 
not contaminate the primary insulation, as coaxial 
cable jacket. 

For those Navy cables of the reduced diameter 
types which require a non-exuding jacket at ele- 
vated temperatures. 

Rigid polyvinyl chloride has outstanding chemical re- 
sistance which suggests use for equipment operating in 
corrosive areas. Since the rigid sheets can be welded by 
the hot-gas technique, they can be fabricated for appli- 
cations where most metals are unsatisfactory. They are 
adaptable to fabrication of deep-drawn and welded 
forms. 

The great strength, light weight and breakage re- 

(Continued on page 254) 
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THE THY RATHON 


ds a reversible switch 


While one of the most effective switching devices available, small but 
erratic differences between “‘on” and “off” control voltages pose a 


serious problem for sensitive controls using thyratrons. Here is a 
simple “‘feedback” method for substantially improving the sensitivity. 


JORDAN J. BARUCH 


Acoustics Laboratory 
Massachusetts Institute of Technology 


NE OF THE most effective switching devices 
() which the control circuit engineer can use is the 

thyratron, or gas-filled control tube. In many 
switching operations, a reversible switch is desirable. In 
order to use the thyratron as a reversible switch, an al- 
ternating voltage is generally supplied to the plate cir- 
cuit. Thus the grid is capable of both initiating and stop- 
ping the flow of plate current to the load. Fig. 1 shows 
the circuit usually used when operating the thyratron as 
a grid-controlled switch. An alternating applied voltage 
having a peak value of e» is used as the plate supply. 
The grid voltage used for control is here considered to 


ALTERNATING 
VOLTAGE SOURCE 


ebb 





oO "THRESHOLD" 


7? 


AUGUST 1951 


be a d-c voltage eg applied through resistance fs. 

Fig. 2 shows the type of control curve which theory 
indicates should be obtained from such a circuit utiliz- 
ing a positive control tube. As és is increased from zero 
no current flows until threshold is reached. As és is in- 
creased ever so slightly above threshold, the tube con- 
ducts every quarter cycle. As a result, the average 
current through the load jumps to the value 

Zev» 


le = —— 
aR. 


where R: is the load resistance. If this value of average 












MM). Li 2 


Fig. 1 (Left, above)—Conventional circuit using a 
thyratron as a switch. A d-c voltage applied to the 
grid controls conduction of a-c through the load. Fig. 
2 (Left)—Theoretical control curve for the thyra- 
tron. As the control voltage increases (horizontal 
scale) to a threshold value the tube conducts. Fig. 3 
(Above)—Actual conduction curve has a zone | 
through which the voltage must be changed to turn 
the tube from on and off and back again. 












€np 
----e@ 


Fig. 4—With the control grid voltage set at a midpoint in 
the zone, conduction is erratic and the tube fires on some 
half-cycles and not on others. Fig. 5 (Right)—As feedback 
is increased the sensitivity improves to an optimum point; 


beyond this the tube operates with a snap action. 


current is considered to be the “on” condition of the 
switch, the switch now remains on until the grid volt- 
age drops below the value necessary to initiate conduc- 
tion on each positive half-cycle, that is, below the 
threshold value. Thus, the thyratron is ordinarily con- 
sidered a perfect reversible switch, an infinitesimal 
grid-voltage change producing a finite plate-current 
change. 

In actual practice it is well known that the thyratron 
is only a rough approximation to such a switch. If the 
actual average plate current is plotted as a function of 
grid voltage, the vertical line portion of Fig. 2 will be 
seen to be quite curved. Fig. 3 shows the actual per- 
formance of the thyratron circuit of Fig. 1. It is evident 
that the grid voltage must actually be changed from 
és1 tO és2 or vice-versa to change the tube from the “off” 
condition to the “on” condition and back again. Such 
a region of curvature represents a considerable reduc- 
tion in the sensitivity of the switch. In seeking an im- 
provement in sensitivity the magnitude of es — e1 
must be reduced to a minimum for a given “on” con- 
dition. In order to do so it is necessary to ascertain 
the causes of this pronounced curvature. 


Causes Are Internal In the Tube 


If the voltage across the load is examined with an 
oscilloscope, the picture will be as shown in Fig. 4 when 
es is between esi and es2. Instead of conducting on 
every half cycle, the tube conducts on some and does 
not on others. Evidently then, a voltage which is suffi- 
cient to cause conduction on one half-cycle may not be 
sufficient on the next. There are several ways in which 
such a phenomenon could be produced. “Noise” or 
spurious signals in the grid circuit is one. The noise 
would act to increase the grid voltage on some half- 
cycles (causing the tube to conduct) and to decrease it 
on others (causing the failure of conduction). Simi- 
larly noise in the plate circuit could produce the effect 
by randomly adding to and subtracting from the effec- 
tive anode voltage just prior to conduction. Experi- 
ments show, however, that even if both of these causes 
are eliminated, the erratic behavior and consequent 
curvature of the characteristic, will still be found. The 
cause then, is probably internal to the tube. Variations 
in electron-emission from the cathode, changes in 
average electron velocities and changes in average gas 
molecule velocities will all produce an erratic behavior. 

Having determined that the cause of the trouble is 
in the tube, is there anything that can be done about it? 
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POINT OF 
MAXIMUM 
SENSITIVITY 


Actually there is. It is well known, for example, that 
the gain of an amplifier can be made _ substantially 
independent of the characteristics of its component 
tubes by means of inverse or degenerative feedback. 
Similarly, the switching action of a switch can be made 
more abrupt by means of regenerative feedback. The 
problem becomes one, therefore, of putting regenera- 
tive feedback around a thyratron. 

Consider the behavior of a thyratron if a signal 
proportional to average plate current is applied in se- 
ries with the control signal. If conditions are such that 
the thyratron fires for one or two half cycles, the 
average plate current assumes some positive value. 
On the next half-cycle let us assume that the internal 
conditions of the tube have changed so that firing 
would not normally take place if the voltage on the 
grid were equal to the control voltage. This means 
that we are operating in the region between ¢és1 and ez. 
In the circuit with regenerative feedback, the voltage 
on the grid is greater than the control voltage by an 
amount proportional to some fraction of the average 
plate current. Thus while the tube would not normally 
fire on the third half cycle, it now does so since the 
grid voltage is more positive than the control voltage. 

If this fraction of t is small, very little increase in 
sensitivity will result. As it is made larger, the sensi- 
tivity will improve until an optimum point is reached, 
as shown in Fig. 5. An increase of the feedback frac- 
tion above this value will produce a “hysteretic switch”, 
or one which has a snap-action, and the sensitivity will 
again decrease. The reasons for this can be explained 
in terms of a twisting of the coordinates of Fig. 3, but 
they add little to the present problem. 


Feedback Can Control Sensitivity 


It is a fairly simple matter, however, to produce this 
feedback. In a thyratron, the grid current flow is ap- 
proximately proportional to the plate current flow. 
Thus, the addition of a circuit which will average the 
grid current flow is just what is desired. A simple 
parallel RC circuit has proved quite satisfactory for 
this purpose. When used in the control grid of a 2D21 
thyratron, the results have been successful. Fig. 6 shows 
the circuit used in the tests. The battery and resistance 
R+ are used to adjust the firing point of the tube so 
that conduction starts intermittently at the desired value 
of ex when resistance Rm is set at zero. Rm is then ad- 
justed so that maximum sensitivity is obtained. In this 
circuit it will be seen that the feedback is applied to 
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Fig. 6—With this circuit 
employing adjustable feed- 
back, switching accuracy 
on a 500-cycle square wave 
. e has been increased to 

bb 0.0005 volt, and similar 

ey improvements have been 
found on 60-cycle power. 


the biasing grid rather than to the controlling grid (the _ plication for which the switch is used, this represents 


screen grid) but the principle of operation is precisely | a switching accuracy of approximately 0.005 per cent. 
the same. Similar accuracies have been obtained with standard 
This system of feedback has been applied to a thyra- 60-cycle excitation at the plate. ooo 

' tron used for switching a 500-cycle square wave with The circuits presented here were developed in an in- 

; the result that ese — es, has been reduced from its vestigation performed as part of a thesis for Sc. D. 

; normal value of half a volt to 0.0005 volt. In the ap- degree at the Massachusetts Institute of Technology. 
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. Smalli-Run Production Parts from Polyester Casting Resins 

; ENERAL ELECTRIC is using its 

1 polyester casting resins to pro- 

il : 

duce small runs of contactor parts with 

5 economy and speed. Fig. 1 shows sev- 

. eral views of two different types of 

S control equipment using the cast con- 

2. tactor blocks and also cast cams that 

e operate the contactors. Fig. 2 shows 

n several cast parts together with the 

re split metal molds and inserts. Opera- 

ly tions are as follows: 

e A master metal pattern is made from 

e. steel exactly as a replica of the finished  *!G. 1 FIG. 2 

in plastics part. The master pattern is damaged or worn. The molds are coated The production rate of the cast parts 

s placed in a steel box and covered with with a parting agent and the inserts are is governed by the number of molds in 

j a molten ternary eutectic or low tem- put in place, Fig. 4. use and can be increased at little ex- 

ig perature alloy, Fig. 3. Halves of the molds are then clamped pense in a very short time, by the 

= When cooled, the mold is removed together and the molds are filled with duplication of molds. This method also 

ce and the pattern used over again to make casting compound, Fig. 5. After the provides the product designer with a 

il another mold. In most cases the split- molds are filled with the compound they low-cost method to manufacture work- 

“d mold system is applied, casting either are placed in an oven for a 15-min cure. ing samples or models of new designs 

ut half of the mold on separate master pat- The cast parts are removed from the preparatory to tooling. (See “Plastics 
terns. Any number of molds can be mold when still warm. The cast parts Models Can Help Product Development 
made from the master patterns and the shown in Fig. 6 are being placed into Work,” EecrricaL MANUFACTURING, 
molds can be melted and recast if the assembly. Feb. 1949, p. 112.) 

<i FIG. 3 FIG. 4 FIG. 5 FIG. 6 
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Materials lor Fastenings 
in electrical applications 


Considerations that must be balanced against each other in selecting 
the most suitable material for fastenings in electrical applications. 


MELVIN N. VEEDER 


Fasteners Engineer 


ASTENERS are too often looked upon as un- their importance, since that will vary in almost every 


important details by the designers of equipment. 
Actually the successful performance of many 
devices and pieces of equipment may be dependent upon 
the intelligent selection of suitable and proper fasten- 
ings both from the standpoint of fabrication and as- 
sembly and the ultimate performance in the product. 
Coupled with proper fastener selection and application 
is the importance of careful selection of the proper 
alloys or materials from which the fasteners are to be 
made. In many cases this is more important in the 
design of electrical equipment than in the other fields. 
The most common basic types of fasteners used in 
electrical equipment are bolts and nuts, screws, and 
rivets. There are other items such as plain washers, 
lock washers, and cotter pins that are used in con- 
junction with these fasteners and consideration as to 
selection of material is also required. As the design of 
apparatus or equipment progresses, certain parts are 
almost certain to be developed that are basically fasten- 
ers but still combine other important functions in the 
operation or performance of the equipment. Typical of 
these are contact holders, binding posts, and terminal 
bolts. Many designers make the mistake of applying 
such special parts to excess. In recent years the manu- 
facturers of commercial fasteners have done much to 
standardize and greatly increase the diversification of 
items stocked even in the nonferrous and stainless al- 
loys. It is almost always desirable to employ standard 
commercial fasteners where they are available for the 
sake of economy, procurement, and later ease of service 
and maintenance in the field. 


Materials Selection a Compromise 


Once the physical and dimensional characteristics of 
the fasteners in the design have been determined the 
choice of the material or alloy must be thoroughly an- 
alyzed. In general, there are certain definite qualifica- 
tions that must be satisfied and balanced against each 
other before finally selecting the most suitable material 
in each case. These qualifications are briefly itemized in 
the following tabulation, not necessarily in the order of 
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application. 


Strength and wear resistance 

Corrosion resistance 

Electrical conductivity 

Magnetic characteristics 

Cost for maximum service 

Appearance and finish 

Weight 

Certain unusual requirements such as availability, 
heat resistance, or coefficient of expansion. 


un & Ww hd — 


CNIS 


Tied in with strength is ductility, and with wear re- 
sistance, brittleness. Where extremely high strength is 
a necessity, the alloy steels that may be hardened by 
heat treatment of the finished product for the proper 
degree of tensile strength and ductility are usually re- 
sorted to. It should be pointed out that in the field of 
nonferrous metals, and many of the stainless steels. 
additional tensile strength is obtained only by cold 
working in the fabrication of the material and the prod- 
uct. Any heat treatment of the finished product will 
only have the effect of stress relieving or annealing 
with a resulting decrease in tensile strength. Wear re- 
sistance is a function of hardness, and pretty much fol- 
lows the same general statement as for tensile strength 
above. 

Corrosion resistance is a vast subject in itself, but 
here again a general statement can fairly well sum- 
marize the subject. The nonferrous metals and the 
stainless steels have the best characteristics for this in 
varying degrees. A certain degree of protection can, of 
course, be obtained through plating or coating. It must 
be fully understood, however, that plating is only a 
surface protection and once the covering is penetrated 
through abrasion or deterioration, the fastener beneath 
it is no better in corrosion resistance than its basic 
material before plating or coating. 

Electrical conductivity is often a prime requirement 
in fasteners used in electrical equipment, Certain ma- 
terials that are popular for use in fasteners ate very 
poor in this characteristic. Steel, the stainless steels, 
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nickel, and monel metal are typical examples. Metals or 
alloys that are quite popular and used throughout the 
electrical equipment field in fasteners where varying 
degrees of conductivity are required are listed in 
Table I along with their electrical conductivity. 

When magnetic properties are vital, the alloy is im- 
portant. Most of these are well known to the designer 
of electrical equipment, but the degree varies consid- 
erably between materials. The common and the alloy 
steels of course are most magnetic, either for perma- 
nent or energized magnetism. The designer should be 
cautioned against specifying certain nickel and cobalt 
alloys that possess extremely high permanent magnetic 
characteristics, because they do not lend themselves 
readily to the manufacture of fasteners by the con- 
ventional methods and the product is usually not suit- 
able because of its brittleness. Some of the nickel alloys 
and the straight chromium stainless steels are mildly 
magnetic. These are typified by monel and Inconel and 
most of the 400-series stainless steels. Most of the 
chrome-nickel stainless steels (the 300-series) are non- 
magnetic, especially if annealed after all cold working. 
This characteristic was the reason fasteners of these 
alloys became greatly in demand during World War 
II in electronic equipment such as radar. Of -course 
copper, the brasses and the bronzes are nonmagnetic. 

The selection of a fastener material from a cost stand- 
point is subject to many tests. The choice must be care- 
fully weighed against all other qualifications and re- 
quirements. What may prove the cheapest from the 
manufacturers standpoint may prove most costly in the 
long run due to customer dissatisfaction and service and 
maintenance requirements, to say nothing of safety and 
dependability. Sound advice on this subject is often 
for the designer to consult sources of supply for current 
costs and availability of the various materials. These 
factors often fluctuate widely with economic conditions. 

The appearance and finish of the fasteners in a prod- 
uct becomes highly important in the design of electrical 
equipment in the domestic and office equipment field. 
Of course, the choice of material for this feature may 




















Table 1l—Weight Conversion Table for 
Fastening Materials 


Alloy Lb per cu in. Ratio* 
Mild steel 0.283 1.000 
Stainless steel, type 410 0.280 0.989> 
Stainless steel, type 304 0.286 1.011 
Brass, leaded, free-cutting 0.307 1.085 
Brass, cold-heading 0.307 1.085 
Naval bronze ‘0.304 1.074 
Bronze, low silicon 0.316 :. BET 
Bronze, high silicon 0.308 1.088 
Phosphor bronze 0.318 1.124 
Manganese bronze 0.302 1.067 
Monel metal 0.319 1.127 
“K” monel 0.306 1.082 
Cupro-nickel 0.323 1.141 
Inconel 0.307 1.085 


Aluminum, 24-S 0.100 0.353 





* Using mild steel AIS1 1020 as a base at 0.283 Ib/cu in. 
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Table I—Electrical Conductivity of 
Fastening Alloys 
1.A.C.S., per cent at 68 F 


Copper, electrolytic 
Beryllium copper, annealed 
heat treated 

Brass, heading wire 

leaded 
Naval bronze 
Low silicon bronze 
High silicon bronze 
Silicon aluminum bronze 
Phosphor bronze 
Aluminum, 24-ST 


be unimportant if the fastener is to be plated or coated. 
Often the material of the fasteners is selected solely to 
match or contrast with the component parts, such as 
brass machine screws on a brass plate. Here the equip- 
ment designer might well consult the sales department 
or the industrial designer. * | 

In general the relative weight of the fasteners in elec- 
trical equipment is not too important. For this reason 
it should be carefully balanced against strength, con- 
ductivity, and cost. There are cases, however, where it 
is of prime importance and Table II comparés the most 
common materials used in fasteners: 

Requirements of an unusual nature could be dis- 
cussed at great length, but space permits only the men- 
tion of a few typical examples. Consideration should 
always be given to the availability of a material or al- 
loy selected, regardless of cost. Recently the National 
Defense Program and the current world economic sit- 
uation has rendered some materials commercially im- 
practical even for certain items of top importance. Often 
the best engineered design can be completely bogged 
down in production for this reason. Heat resistance is 
often an important requirement in a fastener in eléc- 
trical equipment. Certain types of stainless steel, Inconel 
and some recently developed nickel-cobalt-titanium al- 
loys (as yet made only in very limited’ quantitjes) 
possess ability to retain tensile strength, ductility and 
corrosion resistance at relatively high temperatures. 

Other alloys that are suitable for screws and rivets 
have a very low coefficient of expansion which can be 
most important in certain equipment to prevent crack- 
ing or straining the component parts. One unusual ex- 
ample is the use of silicon bronze and stainless steel 
nuts and bolts in shell loading machinery and in the 
presence of highly volatile fumes, because they are non- 
sparking in wrenching or if struck by a steel object. 

The above discussion should give the designer a 
reasonably good idea of what material or alloy to select 
in the fasteners he requires in most applications. As 
has been mentioned before, the designer should always 
attempt to use commercial fasteners that are normally 
produced and stocked whenever feasible or whenever 
they can be applied without detriment to the proper 
functioning, appearance, or assembly of the equipment. 

Most commercial fasteners are made by cold forming, 
hot or cold punching, hot forging, or milling from the 

(Continued on page 240) 
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Servo System for Tension Control 


Automatically synchronized starting, stop- 
ping and tension control during running is 
supplied by intermittent power pulses to 
electric clutch or brake. 


JAMES A. MASON AND F. ALAN UECK 
Warner Electric Brake & Clutch Co. 


AKE-UP tension control in reeling wire from a 

wire drawing machine offers a difficult problem be- 
cause of changing wire package diameter. Take-off from 
an 8-die wire drawing machine driven by a 75-hp motor 
at speeds up to 3300 pfm aggravated the reeling prob- 
lem in this particular case. Originally the reel was 
driven by slipping a weighted belt on the surface of 
the wound wire and the reel was stopped by a conven- 
tional solenoid brake. This arrangement was unsatis- 
factory. Regulating torque of a d-c drive motor by a 
rheostat operated by a dancer roll also had drawbacks 
as the system tended to hunt. Adding damping reduced 
sensitivity. Other methods that might give satisfactory 
performance were too complex for this application. A 
suitable tension control system was needed that would 
be simple mechanically and electrically, and maintain 
tension constant at preset values during starting and 
stopping as well as running. 

The answer finally developed was a perpetually 
hunting system, pulsating at a frequency well above 
resonance. Tension power is supplied by a 5-hp con- 
stant-speed 1750 rpm a-c motor driving through an elec- 
tromagnetic clutch to the reel by V-belts. The reel 
carries an electric brake, as shown in Fig. 1. A spring- 
loaded sensing roll in the wire take-off moves a 
switch arm to make contact on either side of a neutral 


Magnetic brake----- 
Fig. 1—Schematic layout of tension control system on 


wire take-up reel using electromagnetic clutch-brake com- 
binations controlled electronically. 


122 


Phase- Seleniurn 
shift rectifier’ 


Fig. 2—Dual thyratron rectifier power supply for mag- 
netic clutch and brake for wire reel. 


range; one side energizes the clutch and the other side 
the brake. There are only three possible steady-state 
conditions : 

1. Tension too low: Clutch circuit closed, brake cir- 

cuit open. 

2. Tension just right: Clutch and brake circuits both 

open. 

3. Tension too high: Brake circuit closed, clutch 

circuit open. 

Response of the system to an error or change in 
tension is increased by employing grid-switched thyra- 
tion tubes for clutch and brake control, using the cir- 
cuit shown in Fig. 2. Brake and clutch coils are sup- 
plied with pulses of direct curent up to 90 volts through 
full-wave thyratron rectifiers. 

On and off switching of each pair of thyratron rec- 
tifiers is accomplished by removal or addition of a 
negative grid bias obtained from a small selenium 
rectifier. A bridge-type phase-shift network permits the 
tube rectified voltages to be varied from zero to the 
full 90 volts by governing the firing angle on the a-c 
wave. This is done by rotating a single knob on the 
ganged 100,000-ohm rheostats to vary the RC time 
constant of the network. To simplify the wiring on later 
units, series load resistors of 1000 ohms each were used 
in the clutch and brake circuits, resulting in a limited 
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but satisfactory control for this application. 

Brake and clutch control switches have a common 
connection on the tube cathodes and remove the neg- 
ative bias from one or the other set of grids when 
actuated by the tension indicator arm. Similarly the 
clutch and brake coils have a common cathode connec- 
tion to the thyratron rectifiers through a time delay 
relay. A visual indication of the pulse rate on the clutch 
or brake units is given by the indicator lamps connected 
across the coils. The time-delay relay is a thermal, plug- 
in type, used to provide proper tube warm-up. On ini- 
tial application of power the load circuit is held open 
for approximately 10 sec until the thyratron cathodes 
are heated to operating temperature. 

When starting up the unit, the sensing arm is in the 
relaxed or low-tension position, with the clutch contact 
closed and the bias removed from the grids of the clutch 
thyratrons (conducting). When the reeling drive motor 
is started by manual push-button, the engaged clutch 
drives the reel and causes the wire tension thus set 
up to break the clutch contact on the sensing arm. The 
interruption will relieve the wire tension, restore the 
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Fig. 3—Tension control unit applied to wire reel, 

showing clutch on motor jackshaft (top) and brake 

on take-up reel shaft extension (bottom). Sensing 

roll and switch are at upper right; electronic power 
supply, upper left. 
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clutch contacts and repeat the cycle. The clutch is 
pulsed several times a second to maintain desired wire 
tension which is in the range of 16-20 Ib. 

When the wire drawing machine is started and begins 
to feed out wire, the clutch pulse rate decreases so that 
nearly continuous current is supplied the clutch and 
full motor torque is available to accelerate the heavy 
reel in step with the drawing machine acceleration. 
Once the system reaches full speed, the rapid pulse rate 
is re-established. As the reel builds up, the pulse rate 
decreases to keep the average torque in proportion to 
the fill diameter. 

If the wire breaks in the drawing machine, a wire- 
break stop switch (Fig. 1, left) opens the drawing- 
machine motor contactor, disconnects the reel clutch 
and applies the reel brake. 

During normal reeling, the reel brake is pulsed only 
occasionally. Its only function is to limit the amplitude 
of swing of the sensing roll. By adjusting the neutral 
switch range, Fig. 1, the brake is not applied unless 
excessive wire tension results from slowing or stopping 
the drawing machine. The inertia of the reel and its 
drive smooths the clutch pulses so that for all practical 
purposes the wire tension is uniform as the reeling 
diameter increases from 11 to 22 in. 

At the end of a full-reel run, which takes a total of 
about 35 min, the clutch temperature is less than 150 
F without auxiliary cooling. On the first trial units 
built, wear life of the clutch units was one year with 
many 2-shift days. This life can be doubled or tripled 
by selecting a friction material better suited to the 
service. 

The accuracy and reliability of the self-synchronizing 
effect permits stops and starts at any stage of the wind- 
ing period with trouble free performance. ooo 
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Thickness of metal is critical factor deter- 
mining adequacy of fire resistance of magne- 
sium alloys for use in portable appliances. 


T ELEVATED temperatures, magnesium has a 
A high chemical affinity for oxygen, the reaction 
being exothermic or heat generating. As a result, elec- 
tric appliances with enclosures made of alloys of this 
material face the danger of self-sustaining fires, ig- 
nited by arcs due to faults. However, an investigation, 
sponsored by the Underwriters’ Laboratories, Inc., has 
led to the establishment of conditions under which mag- 
nesium-base sections may safely be used in portable 
electric devices. 

All alloys covered in the investigation were judged 
sufficiently fire-resistant to justify their use as en- 
closures for such appliances, provided the following 
conditions are met: 

l—minimum thickness of the alloy is 0.080 in. 
nominal. 

2—appliance is provided with a flexible cord and 
plug and is designed only for 125-volt branch circuits 
rated at 30 amp or less. 

3—appliance is limited by design to 60-cps operation. 

4—temperature of alloy does not exceed 200 C un- 
der abnormal operation. 

5—motor frames of cast alloy are limited to motors 
of 1/20 hp or less. 

These conditions were arrived at from arcing tests 
on magnesium-alloy test panels and on representative 
cast samples. The tests indicated that with panel thick- 
nesses of 0.032, 0.040, 0.051 and 0.064 in., ignition could 
be made by arc currents which would not cause a 30- 
amp over-current protective device to function. But 
with panels of the same width and length, 2 x 12 in., 
and thicknesses of 0.080 in. or more, the heat conduc- 
tion rate was sufficient to keep the alloy below the 
kindling temperature. See Fig. 1 and 2. 

One phase of the work showed that it is much more 
difficult to cause self-sustaining arcs on a-c operation 
than on d-c. It was found ignition could be effected on 






Ey aa. action in plants both large __ ity 


and small is essential to save the 
steel industry from a prolonged and 
critical scrap shortage, according to in- 
formation released by the American Iron 
and Steel Institute. Inventories of heavy 
industrial iron and steel scrap have 


Fire Hazard in Magnesium Enclosures 


Heavy Scrap Urgently Needed 


is conducting a special program 
aimed at seeking out dormant scrap and 
getting it on the way through normal the highest in history—29.5 million 
channels as promptly as possible. 
This is not a household scrap drive. 
Idle or obsolescent machinery is the the large shipments of steel made 
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Fig. 1—Test set-up to determine fire resistance of 0.080 

in. magnesium panel. Insulated copper conductors de- 

scending along vertical panel are connected near bottom 

through bare iron-heater wire. Alloy is electrically con- 
nected to one conductor. 


alloy samples of 0.128 in. thickness or less by means 
of d-c arcs which would not cause a 30-amp protective 
device to open. Subject to further investigation, this 
performance was judged to rule out application of the 
alloys to d-c appliances. 

The major portion of the investigation was based 
on fault currents of about 60 amp, 200 per cent of the 
rating of the protective fuses. When higher currents 
were used, opening of the protective device or, where 
such a device was omitted, deterioration of the arcing 


levels, with capacity continuing to in- 
crease. Scrap consumption in 1950 was 


tons; estimate for 1951 is 32.5. And 
little is coming back as imports from 






































fallen dangerously low during the last 
four months, fluctuating to as low as 
only a few days supply as compared 
with normal inventories of 60 days. 
Recognizing the urgency of the situ- 
ation, the National Production Author- 


major target along with experimental or 
development models of equipment which 
are no longer of value. Obsolete tools, 
dies and fixtures are wanted too. 

The shortage is the result of con- 
tinued operation of the country’s steel 


mills at record-breaking production 





abroad during recent years. Had this 
tonnage remained here much of it would 
now be showing up as scrap. 

To maintain current production all 
available heavy scrap is urgently needed 
—an incentive to every engineering de- 
partment to “clean house” right now. 
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Fig. 2—High a-c current flows, and insulation bursts into 

flame, ignited by heat from iron wire section. Just before 

it opens, iron wire reaches almost white heat. Upon open- 

ing, it initiates arc. Magnesium samples of this thickness 

did not burn under these conditions; those of smaller 
thickness did burn, on occasion. 


Instantly Reversible 


Three-lead capacitor-start units use simple 
switches, compact relays to change direction 
of rotation regardless of speed of switch 
reversal. 

W. W. WARNER 


Fractional Horsepower Motor Divisions 
General Electric Company 


FUNDAMENTAL limitation of general-purpose 

capacitor-start motors has been the fact that they 
are unidirectional in operation. Some devices, such as 
door operators and material-handling equipment, re- 
quire a single-phase motor capable of quick reversal by 
means of a simple control, such as a manually operated 
snap switch, or remote controls of varying nature. To 
meet this need, a single-phase “instantly reversible” 
capacitor-start motor, Fig. 1, has been developed hav- 
ing performance features comparable to standard gen- 
eral-purpose motors, plus high decelerating and revers- 


ing torque for rapid and positive reversal. 


“Instantly reversible’ means that positive reversal 
of the motor is obtained no matter how fast the revers- 
ing switch is operated.* This feature is essential 


ELECTRICAL 


*See “12 Ways of Reversing Capacitor—Start Motors,’ 
MANUFACTURING, August 1950, page 104. 
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electrode occurred too rapidly to permit production of 
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self-sustaining ignition. 

Blocked-rotor arcing tests were made on motors of 
1/20 hp and under with cast-magnesium housings. The 
arcing caused no ignition to the magnesium alloys. 
However, recommendation of these alloys for larger 
motors was felt to require further investigation. 

It was noted that appreciable differences exist be- 
tween various magnesium alloys with respect to re- 
sistance to ignition. The sheet materials tested were 
those designated in ASTM specification B90-45T as 
AZ31X, AZ61X and M1. The casting materials tested 
were AZ63, as defined in ASTM _ B80-45T, and 
AZ90, defined in ASTM B94-44T. The castings were 
an electric typewriter sidepiece, and housings of motors 
for the main drive and fan for a motion-picture pro- 
jector. The differences in resistance to ignition were 
seen to be related to the thermal conductivities of these 
alloys. For example, alloy M1 having the highest con- 
ductivity required the highest wattage arc for ignition. 

In spite of the fact that portable appliances generally 
are designed for 15 or 20 amp circuits, a 30 amp fuse 
was used in the tests, in order to take into account the 
improper substitution of larger fuses in the field. The 
test panels were mounted vertically, so that heat gen- 
erated at the arc would flow along the metal surface. 
A further factor making for severe test conditions was 
the mounting of the sample by a single screw and nut, 
in order to minimize heat dissipation. 

A complete report of the test is contained in bulletin 
of research No. 45, which may be obtained from Under- 
writers’ Laboratories, Inc., New York 13. oOog 


Single-Phase Motors 


where the reversing contacts are operated very rapidly. 

The new motor has only three leads and employs a 
simple reversing control, namely, a single-pole double- 
throw switch. This type of switch is desirable on appli- 
cations where the reversing control is located some dis- 
tance from the motor, or where the reversing contacts 
are operated by a relay or automatic switch. 

In this motor the capacitor is in the circuit only dur- 
ing starting and reversing. The motor is similar to a 
standard unit except that the starting and running 
windings are identical. For one direction of rotation, 
one winding is a starting winding (with the capacitor 
in series), and the second winding is the running wind- 
ing. For the other direction of rotation, the windings 
reverse their functions. Through this arrangement the 
relays and connecting circuits are simplified. One other 
difference from a standard motor is that the centrifugally 
operated starting switch has two contacts instead of one. 

Two identical relays are used, Fig. 2, each having 
two contact arms and three stationary contacts. Both 
relays are mounted on the stator shell in a steel case, 
identical to the capacitor case. The relays, which are 
in series with the line, are well protected, and are lo- 
cated in a convenient and accessible unit assembly. 

The relay contacts make and break only very low cur- 
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Fig. 1—Three-lead capacitor-start motors, made by Gen- 

eral Electric in 1/6, % and \%-hp ratings for 1725-rpm 

operation, use relays mounted in right-hand case to permit 
reversal of ratation on instantaneous switching. 


rents, as can be seen from the diagram of Fig. 3. When 
the motor is running with the reversing switch in the 
up position, relay 2 is energized, and contact arms Ag 
and Be are in the “dotted” position. The centrifugal 
switch contacts in the motor are open. The motor cur- 
rent is flowing through the reversing switch, relay 2, 
A, motor winding 2, Bs and the other side of the line 
(line 2). 

To reverse, the reversing switch is moved from the 
“up” to “down” position, interrupting the current 
through the coil of relay 2. Contact arms A» and Bo 
go to position indicated by the full line. The motor is 
still running with centrifugal switch contacts open. 
Under this condition there is no line current; line 2 


Fig. 3—Switch reversal causes the arm of whichever relay 
had been carrying motor current to drop from dotted 
position, disconnecting motor from line 2 and interchang- 
ing connection of line 1 to windings 1 and 2. The motor 
is dynamically braked by current flowing through B1, B2 
until the centrifugal switch opens, reconnecting line 2. 
The capacitor now being across the line in series with a 
different winding, reverse torque results. 


126 


Fig. 2—The two identical relays each have two contact 
arms and three stationary contacts. Since they do not make 
or break high currents, the design is compact. 


is everywhere disconnected. However, a circuit is com- 
pleted through the relays, so that the two motor wind- 
ings and capacitor are in series. The slight residual 
flux in the motor causes a self-generated current to flow 
through this series circuit. The current produces a 
strong dynamic braking torque, the motor decelerates 
rapidly, and motor speed is reduced so that the cen- 
trifugal contacts close. This action completes a circuit 
so that current flows from line 1, through the reversing 
switch, coil of relay 1, Ag, rotor winding 1, centrifugal 
switch contact to line 2—also through the capacitor and 
winding 2. Thus, winding 1 is now the running winding, 
and the motor develops a high reversing torque stop- 
ping the motor. 

Current from the line through the coil of relay 1 
causes contacts A, and B, to assume the dotted line 
position. Through contact B,, motor winding 1 is con- 
nected to the line independently of the centrifugal 
switch. As the motor comes up to speed in the opposite 
direction, the centrifugal switch opens the starting wind- 
ing circuit (winding 2 and capacitor), and the motor 
continues to run in this direction until the reversing 
switch is again operated. 

From this detailed review of the operation, it can 
be seen that the major portion of the making and break- 
ing of the line currents is done by the reversing and 
centrifugal switches, which have ample operating force 
and capacity for that duty. This feature makes it pos- 
sible to provide ample relay contact capacity in a com- 
pact relay design. Despite rapid or even instantaneous 
operation of the reversing switch, reversal of the motor 
is insured, because after the line circuit going through 
the coil of relay 2 is opened, relay 1 cannot pick up 
until relay 2 drops out and the motor slows enough to 
close the centrifugal switch. After the centrifugal switch 
closes, the motor has positive reversing torque. 0 O 0 
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Automatic Dryness Control 










With constant heat input to clothes dryer, temperature, an adjustable thermostat opens up the 
exit air temperature varies with the heat heater circuit, ending the drying cycle. 

absorbed in evaporation. Two 230-volt coiled heating elements, one rated at 

W. A. JOHNSTON 3400 watts and the other at 1400 watts, are located in 

Appliance Engineering Dept. the blower housing at the bottom of the dryer. A nor- 


Westinghouse Electric Corp. mally closed bimetal thermostat, Fig. 1, in the hot air 


evap settee control operating on tempera- duct controls the smaller, supplemental heater, opening 






ture of exhaust air automatically shuts off the heat- _its circuit when the input-air temperature’is above a set 
ers in a new Westinghouse clothes dryer. Hot air, di- value. In this way the input air is kept at a relatively 
rected over the wet clothes, is cooled in proportion to constant degree of heat despite variations in line voltage 
the amount of water it vaporizes. Therefore the ex- and ambient temperature. A normally closed disk-type 
haust air becomes warmer as the clothes approach dry- _ thermostat opens both heater circuits, if for any reason 
ness. When the exhaust air exceeds a predetermined — the machine becomes overheated. (More) 







Package Redesign for Electrical Controls 






















MPROVED redesign for shipping 
I containers for electrical controls is 
an engineering-team project in the Gen- 
eral Electric Company. New carton (Fig. 
1) designed for a G-E Size 2 magnetic 
switch replaces the old-fashioned pack- 
aging which required an oversize carton 
and plenty of messy excelsior to attain 
the necessary cushioning. No mounting 
screws, chipboard spacers, or wooden 
blocks are needed; switch is ready for 
wiring when removed from carton. New 
method utilizes a die-cut corrugated- 
paper carton with internal cushioning. 
Results: reduction in overall size and 
weight and security against such ship- 
ping damage as broken reset buttons or 


distortion of punched parts and of bases. 


: . Fig. 1—Redesigned shipping container for G-E magnetic switch, with details on internal 
Design and development of improved cushioning showe et right. 





containers are the responsibility of a 

special committee consisting of two en- Laboratory (one acting as the chair- Control Divisions manufacturing staff, 
gineers from the G-E Control Divisions man), a package design man from the an assistant works foreman in charge 
of package design, and other personnel 
called in as consultants. Committee pays 
particular attention to standardization 
of carton dimensions so that identical 























equipment is always packaged in the 
same size of container. 

Another new package design (Fig. 2) 
is by the Package Laboratory of The 
Hinde and Dauch Paper Company, San- 
dusky, Ohio, which has developed a new 
corrugated paper container for the Rob- 
bins & Myers floor fan. To protect the 
fan’s circular grill work, 6-ply cushion- 
ing pads are glued to a scored liner. 
When liner is steel strapped to the fan, 
the horizontal corrugations of the pads 
are pressed into the grill work of the 
fan, holding latter securely in suspen- 
sion in the shipping carton in proper 
shipping position. A die-cut corrugated 





Fig. 2—Hinde G Dauch container for Robbins G Myers floor fan, making functional use es . 
of the fan’s shape and a “suspension-type” internal cushioning. circular pad protects finish of top. 


AUGUST 1951 


Two sets of double-pole switches are included in the 
control thermostat assembly. One set is actuated by an 
adjustable hydraulic-type thermostat to open the heater 
circuit at the end of a drying cycle. The other set, in 
series with the first, permits manual stopping of the 
dryer during any part of the cycle. 


Motor over-Turr 
Sa fot & thermostat 
SATETY 
thermostat 


oo 
Adjustable 
therrnostat 


hermnoactar 
mn switch 


Fig. 1—Located in the exhaust air stream, the adjustable 
thermostat controls the heater circuit of model D-3 clothes 
dryer. As the clothes become increasingly dry and cooling 
due to evaporation decreases, the exhaust air warms be- 
yond the thermostat setting, disconnecting the heaters. 
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"0 80 90 100 110 120 130 140 150 160 170 180 190 200 
Deg F 
Fig. 2—Variation of temperature of exhaust air with time 
in D-3 dryer, with a 9-lb load and the control thermostat 
adjusted to maximum dryness setting. 


The % hp, 115-volt blower motor keeps running from 
five to seven minutes after the heater has been opened. 
See Fig. 2. This overrun period is provided by means of 
a normally open thermostat that closes before the heater 
shuts off. Until the temperature drops down consider- 
ably from its maximum point, the overrun thermostat 
remains closed, maintaining the motor circuit. OG OO 


Miniaturized “Series” Amplifier 


IGHT subminiature tubes with associated com- 
ponents are housed within an extruded metal 
container no larger than a cigarette case in a new 
miniature amplifier, Fig. 1, developed by Bendix 
Radio in Towson, Md. The unit is designed as an 
expendable plug-in i-f amplifier for radio, television 
or radar. 
The “series” amplifier circuit, above in Fig. 2, ac- 
counts for a substantial part of the size reduction. 


Fig. 1—Plug-in amplifier developed by Bendix is a mini- 
aturized band-pass amplifier with a gain of 134 db. Eight 
tubes and all components are housed in this metal case. 
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Note that the plate voltage is applied in series across 
the string of tubes which greatly reduces the number 
of components, A conventional amplifier circuit, below, 
would require at least 240 parts and weigh about 30 
oz; the new “series” amplifier has only 35 parts and 
weighs less than 2 oz. 

Because of fewer parts and simpler construction, 
the new amplifier has the advantage of greater reli- 
ability and potentially lower cost. It delivers a gain of 


Fig. 2—New “‘series”’ circuit, above, used in the miniature 
amplifier requires only 35 parts, as compared with at 
least 240 parts for a conventional circuit below. 
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It’s Kodapak Shee 


“Kodapak" is a trade-mark 


CHOICE OF LEADING WIRE 
AND CABLE MANUFACTURERS 





Production-Wise 





Because it combines excellent 
strength and toughness charac- 
teristics with the ability to stretch 
before rupturing, Kodapak Sheet 
permits production at higher, 
more economical winding ma- 
chine speeds. Two types current- 
ly available in limited quantities: 
Kodapak I Sheet and Kodapak II 


Sheet Because of high dielectric strength, Koda- 
_— pak Sheet may be specified in thinner 


gauges, an important saving in weight 


and bulk. 


Because of superior moisture resistance, exposure 





) to high relative humidities is possible over 
i longer periods with less danger of failure. It 
forms a continuous waterproof tube around 
wire or cable. 
f Because of resistance to heat, Kodapak I Sheet 
will give good service in continuous opera- 
tion under conditions of elevated tempera- 
ture. 
2 
For general information, write for free copy of folder, “‘Kodapak 
Sheet for Electrical Uses.” For specific information concerning 
product, prices, and availability, write, describing problem or 
' requesting that a technical representative call. 
: 
Cellulose Products Division, EASTMAN KODAK COMPANY, Rochester 4, N. Y. 
Sales Offices: 
New York, Chicago, Dallas. 
Pacific Coast Distributor: 
Wilson & Geo. Meyer & Co., San Francisco, Los Angeles, Portland, Seattle. 
B Canadian Distributor: 
Paper Sales, Limited, Toronto, Montreal. 
e 
ut 
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134 db and is adaptable to any type of electron tube 
circuit where the load impedance can be arranged to 
have low d-c series resistance. Gain is stable as a result 
of the way the tubes are used. 

While originally developed for radar equipment, 
applications are expected in microwave relay systems, 


Speed Control with 


Full-wave tube replaced by selenium recti- 
fiers to obtain greater reliability in motor 


speed control. 


LTHOUGH there have been no reported tube fail- 
ures on the %4-hp motor speed control introduced* 

by General Radio Company two years ago, customer 
resistance to the use of tubes has led to a redesign 
using metallic rectifiers only. A tube rectifier requires 
the use of some sort of time-delay mechanism to insure 
proper warm-up before load is applied. This is a defi- 
nite limitation in the case of equipment subject to occa- 
sional use, and is a reminder to the user that electronic 
equipment, supposedly subject to failure, is involved. 
In the new %-hp control, a selenium rectifier is sub- 
stituted for the tube in the armature rectifier with con- 
siderable simplification in construction. The selenium 


— Speed Control.” ExrectricaL MANUFACTURING, August 1949, 
p. ’ 
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electronic control devices, mobile radios, aircraft elec- 
tronic .equipment, communication and television. Its 
use in these fields should reduce space and weight, cut 
manufacturing costs, and as an expendable unit greatly 
simplify maintenance. (See bibliography in the July 
issue starting on page 216.) o00 
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FIELD SUPPLY 
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Fig. 1—Speed-control circuit using selenium rectifier in 


place of tube for armature, with separate field supply. 


rectifier requires no time delay device, no center-tapped 
step-up transformer, and no filament supply. The saving 
in these components results in a substantial reduction 
in cost without sacrifice in performance and with the 
advantage of instant starting. The very low ripple in 
the armature circuit means that there are no torque 





Index of Bibliographies 


N ADDITION to the fifteen bibliogra- 

phies published in 1950 (see editorial 
index) fifteen more have been included 
in issues this year. These annotated lists 
of articles previously published in ExEc- 
TRICAL MANUFACTURING are prepared by 
the Editors to provide background data 
and information relating to some current 
feature article or some subject for which 
there are repeated requests for informa- 
tion from readers. Bibliographies pub- 
lished in 1951 to date are: 


Reliable Electronic Equipment, January 
1951, page 216. List of eight refer- 
ences to earlier articles in E.ecrni- 
CAL MANUFACTURING cited in a feature 
article under this title. 


Military Research and Design Require- 
ments, February 1951, p. 120. Four- 
teen references to articles on Armed 
Services developments, each with a 
brief digest of the article. 

Crystal Rectifiers, March 1951, p. 250. 
List of 25 references drawn upon in 
preparing the article “Crystal Rectifier 
Performance Evaluated.” 

Printed Circuits for Miniaturization, April 
1951, p. 142. Nine annotated refer- 
ences to articles published from time 
to time to keep readers informed as 
developments took place. 


Military Specifications for Plastics Di- 
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electrics, April 1951, page 238. List 
of 17 references largely from ELEectnri- 
cAL MANuFACTuRING published with 
a feature article on this subject. 


Magnetic Recording in Product Design, 
April 1951, p. 220. References to eight 
recent articles, each with a brief digest. 


Application Data on Servomechansims, 
May 1951, p. 109. Fifteen annotated 
references to recent articles on servo 
systems, amplifiers and transducers. 

Magnetic Amplifiers for Control Appli- 
cations, May 1951, p. 122. Digests of 
14 articles published since September 
1948 on applications for this new 
control component. 

Motor Temperature Ratings, May 1951, 
p. 299. A bibliography of six annotated 
references compiled in connection with 
an article in the May issue. 

Machinery Wiring, June 1951, page 208. 
Nine annotated references to articles 
on wiring standards, wiring design, 
components and examples of good wir- 
ing practice. 

Variable-Speed Drives, June 1951, page 
260. References to 16 feature articles 
in earlier issues on electrical, electronic 
and mechanical drives with adjustable 
speed; each one has a brief digest. 

Properties of Conducting Materials, June 
1951, page 272. Five annotated refer- 


ences on design stresses and mechan- 
ical properties of materials having good 
electrical conductivity. 


Electronic Components, July 1951, page 
216. Complete list of feature articles 
in earlier issues offering design data 
on components for electronic circuits; 
each of the 23 references is accom- 
panied by a brief digest of the article. 


Motor Standards, August 1951, page 222. 
Ten references with brief digests trac- 
ing the development of NEMA motor 
standards. 


Electrical Insulation, August 1951, page 
232. A comprehensive annotated bibli- 
ography of more than 50 references, 
showing the thorough editorial cover- 
age of dielectric and insulating mate- 
rials presented by ELecrricaL MANu- 
FACTURING. 


Many of the more recent articles listed 
in these bibliographies were included in 
the ELecrricAL MANUFACTURING edi- 
torial reprint program, and announced 
at the time reprints became available. 
For the titles that can still be supplied 
consult the list under Feature Article 
Reprints on page 192. Single copies of 
available reprints may be secured with- 
out charge by using one of the postpaid 
return cards included in the Reader In- 
quiry Facility on page 183 in this issue. 
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Series 335 “99 Ce feb 
OF A LINE... 


APPROVED BY THE AIR FORGE 
For Desendable Coutrol 


The Series 335 D.C. (AN-3316-2) Guardian Relay is one of a line of famous 
TYPE CONTAINER 


, ; : controls which distinguish Guardian Electric as a dependable supplier to the 
Provided with either 
back or bottom mount- 


> ? U.S. Air Force. Hermetically sealed (AN-3312) to (MIL-5757) specifications, 
ing brackets. Barrier 


type face plates prevent or with conventional open and special mountings, Series 335-D.C. offers a wide 
short circuits between 


cable and terminal lugs. variety of aircraft applications. Built to rigorous aviation standards, it meets 
Easy access to terminal 


for circuit revisions is the ANR-20-B and the MIL-R-6106. Generous coil winding area permits single 
possible since, as in the 


Lug Header Type, re- windings up to 15,000 ohms. Parallel and double windings available. 
moval of the relay from 


the equipment is not Maximum voltage: 220 v., D.C. Power requirement: Normal, 34 watts. Max. resistance standard 
necessary. This unit has 


particularly wide appli- unit: 12,000 ohms. Applicable to time delay attract up to .06 second and release up to.,01 second. 
cations in the aircraft Contact rating: 4” dia. silver, 12 amps, at 24 v., D.C. inductive load. Combinations up to 4 
industry. 


P.D.T. with 12 amp. contacts. Bakelite insulated, tested at 1,500 v.—60 C. 


SEALED RELAY CATALOG IS YOURS FOR THE ASKING 


GUARDIAN’S NEW HERMETICALLY 


£) 


Sacre 


Series 30 A.C. Series 210 A.C.—215 D.C Series 220 A.C, Series 595 D.C, Series 610 A.C.—615 D.C. 


SUBMIT YOUR BLUEPRINTS FOR SPECIFIC RECOMMENDATIONS— WRITE 


GUARDIAN W ELECTRIC 


1627-3 W. WALNUT STREET CHICAGO 12, ILLINOIS 


A COMPLETE LEME OF RELAYS SERVING AMERICAN tmOUSTRY 
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pulsations and that standard motors can be used at their 
full rating. 

The new design has been made possible largely by 
improvement in available selenium rectifiers. Hereto- 
fore to protect such a rectifier from failure due to ex- 
cess plate temperature, substantial derating has been 
necessary even when high ambient conditions were ex- 
pected only occasionally. This has made both the bulk 
and the cost of suitable selenium rectifiers almost pro- 
hibitive. Rectifiers recently announced not only require 
fewer plates for a given voltage but also are capable of 
withstanding sustained overloads or long periods of 
high ambient temperature without failure. Occasional 
operation at higher-than-normal temperatures now costs 
only a moderate decrease in life instead of possible im- 
mediate breakdown. With the new rectifiers, it is esti- 
mated that a life of at least 15,000 hr will be obtained 
on continuous duty with the control box in an ambient 
temperature of 40 C. This means that for ordinary ap- 
plications, where operation is usually at lower tempera- 
tures, almost indefinite life is to be expected. 

Other changes in design have also been made as indi- 
cated in the wiring diagram Fig. 1. The field supply is 
isolated by a transformer from the armature circuit. 
This means that standard compound-wound motors hav- 
ing five leads can be reversed by means of the switch 
on the control. In the older design, a straight shunt 
motor connection was required for reversing service. 
Operating the field supply from a separate transformer 













































The typewriter accounting machine shown here had 
to be protected against possible 3-ft falls during ship- 
ment. Engineers of the Burroughs Adding Machine 
Co. provided the needed protection by means of 
bonded-rubber shear-type mountings, made by Lord 
Manufacturing Co. 









132 























Fig. 2—Interior view of control cabinet, showing arrange- 
ments of the various components. 


instead of from a tap on the variac autotransformer 
makes it possible to open the transformer input con- 
nection whenever the metor is stopped and still have 
field excitation available for dynamic braking. Elimina- 
tion of the transformer no-load loss during standby 
periods results in cooler operation of the control. Since 
there is no tube and no warm-up problem, the motor 
may be started or stopped by a switch in the a-c circuit, 
although dynamic braking is not operative when this is 


Fig. 3—Speed regu- 
lation of control at 
various loads on a 
144 -hp, 1725-rpm, 
115-volt compound- 
wound d-c motor. 


SPEEO- RPM 





50 
PERCENT RATED TORQUE 


done. Microswitches can be employed conveniently for 
limit switches in many applications because it is not 
necesssary to interrupt the direct current in the arma- 
ture circuit. 

All the components are compactly arranged within a 
cabinet measuring 95/; 6 x 123/g x 43/g in. Fig. 2 shows 
an interior view. At the upper corners of the cabinets 
are the field-supply transformer and the choke. The 
combination overload breaker and field switch is beside 
the variac transformer. The start-stop-reverse switch 
and the dynamic braking resistor are at opposite sides. 
The armature rectifier stacks are in the bottom corners 
with the field rectifier and multiconductor plug between 
them. As with the earlier type controls, all components 
are mounted on the lid. The plug and jack arrangement 
simplifies installation and makes it possible to remove 
the unit without disturbing the wiring. 

Performance curves for the new control operating 
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Every one of the plastics parts shown—from the 33-inch cir- 
cular filter plate to the tiny part in the man’s hand—was molded 
by The Richardson company to solve a special problem. 

For each of these parts, Richardson engineers developed a new 
material, a plastic with just the right combination of physical, 
electrical, and chemical properties to do the job. In several 
cases, the material had been considered “impossible” to produce 
before Richardson plastics engineers applied their broad ex- 
perience and skill to the problem. 


The Richardson Company stands ready to help you with this 
specialized plastics service. With its six plants, Richardson is 
one of the world’s largest molders of plastics. Its extensive facili- 
ties are admirably geared for volume production of standard or 
special plastics parts—large or small. 


Write for full information, today. 


The RICHARDSON COMPANY 


FOUNDED 1858— LOCKLAND, OHIO 


2799 Lake Street, Melrose Park, Illinois (Chicago District) 


INSUROK. 


Molded and Laminated Plastics 





MELROSE PARK, ILL. INDIANAPOLIS, IND. NEW BRUNSWICK, N. J. 





NEWNAN, GA. 








Only Richardson 
offers you this 


SPECIALIZED 


PLASTICS SERVICE 





] DEVELOPMENT OF SPECIAL 


PLASTICS MATERIALS 


Richardson has the personnel and com- 
plete laboratory equipment for developing 
new plastics — including combinations of 
resin, rubber, etc.—for special applications. 


DESIGN OF SPECIAL PARTS 


Richardson handles your problem from 
beginning to end—analyzes requirements; 
designs for appearance, performance, low 
cost; and develops the proper tools for 
quality and efficient production. 


FACILITIES FOR SPECIAL 
MOLDING OR LAMINATING 


Richardson can select just the right pro- 
duction method for your special plastics 
part, because they use all methods —in- 
cluding molding, laminating, fabricating, 
post -forming, and laminate-molding. 





TYLER, TEX. OGDEN, UTAH 
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with a compound-wound motor are given in Fig. 3. The 
regulation at base speed is about 24 per cent. With the 
series field disconnected, about 18 per cent regulation is 
obtained, but with appreciable reduction in starting 
torque. For most applications the compound connection 
is preferred because of the improved starting charac- 
teristics, although this consideration is not so important 
with 4-hp motors as with those of higher rating. Since 
the rise in speed between full load and no load is 
roughly the same at all speeds, the percentage regula- 
tion varies inversely as the speed setting. Even at the 
lower speed settings, however, the regulation has proved 
satisfactory in a wide range of applications. 

The new control is available only for operation at 105- 
125 volts, 60 cycles. An equivalent 230-volt design is 
not practicable because the kva rating of the variac 
transformer is less at the higher voltage and because a 
more bulky and more expensive selenium rectifier 
would be required. Where 230-volt operation is re- 
quired and the warm-up time delay is not a disadvan- 
tage, the tube-type control can be used. Where the 
instant-starting feature is desired with 230-volt opera- 
tion, the new control can be used with a 230-115-volt 
autotransformer of 600 va rating. ooo 
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Feature Article Reprints 


To provide copies in convenient form for 
filing, selected feature articles in each issue of 
ELECTRICAL MANUFACTURING are prepared as 
editorial reprints. As soon as available, these 
reprints are announced in the “Feature Article 
Reprints” department, along with a _ revised 
list of previously reprinted articles for which 
copies can still be supplied. For the listing in 
this issue see page 192. 

Single copies may be obtained without charge, 
along with additional information on any sub- 
ject covered in the editorial or advertising 
pages in this issue by using the 


Reader Inquiry Facility, page 183. - 


This service is available without charge to 
readers to whom copies of ELECTRICAL MANU- 
FACTURING are addressed and other engineers 
included in the regular monthly routing. 


Lightweight Rapid-Transit Motor 


Redesign adapts street-car propulsion equip- 
ment for operation at higher speed. 
R. A. PETTERSEN 
Motor Engineering Division 
General Electric Co. 
UBLIC approval of the PCC type streamlined elec- 
tric street car, because of its smooth rapid accelera- 
tion and quiet comfortable riding characteristics, sug- 
gested the use of similar construction and electric 
equipment for lightweight rapid-transit service. How- 
ever, such high-speed multiple-unit operation made new 
performance demands on the motor. The propulsion 
equipment consequently had to be redesigned. 

Two objectives were established for the new motor 
design : a mechanical construction to withstand the cen- 
trifugal forces resulting from high-speed operation ; and 
an increased range of dynamic braking to include the 
higher top operating speeds. In addition, more perform- 
ance per pound of motor weight was wanted. 

Design work based on these objectives has produced 
a motor rated at 55 hp and 300 volts. It has the same 
outline dimensions as the earlier motor, in spite of the 
fact that the armature core diameter has been substan- 
tially increased. Therefore, the new unit can be mounted 
in the same size of truck. A comparison of the old and 
new designs reveals the following significant changes: 

Commutator : The segments and steel parts have been 
strengthened to withstand higher operating speeds, and 


Comparison of the earlier street-car motor, top, and 
the redesigned version below. Outside dimensions are 
the same, but rating was increased to 55 hp at 300 
volts. Armature core diameter was increased and more 
commutator segments used. 


the new motor has an “arch-bound” type of commutator, 
instead of the “‘vee-bound” type formerly used. In the 
new commutator, the cap and shell exert pressure only 
on the bottom side of the V-shaped notches in the ends 
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Unique SPEED NUT 


Sane 


How multiple-function SPEED NUT made 40% 
savings in the assembly of TV transformer 


Like the juggling stars on television, this new fastener 
does several jobs at one time . . . and provides several 
important cost-savings advantages. 

Bendix Television engineers discovered this in their 
search for a better, simpler way of assembling high 
voltage transformers. Selected because it was engineered 
to do this specific job, this unusual Tinnerman fastener: 
(1) replaced 4 parts, thereby reducing parts handling; 
(2) cut material costs 50%; (3) provided a 40% savings 
in cost of assembling transformer. 


SPEED NUT ‘holds transformer 
cores in spring tension grip, 


secures base by receiving 4 


screws from below, 


and 


anchors top section with 


threaded shaft. 


One-piece 


fastener replaces 2 side fast- 


eners, 1 bottom piece, | spring. 


(F 
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on Bendix Television 


Product of Bendix Aviation Corporation 


It is through improvements and economies like this 
that Bendix Television, Baltimore, Md., is able to sup- 
ply top quality “Front-Row” television receivers for 
thousands of American homes. You, too, can step up 
product quality and make production dollars go farther 
with SPEED NUTS. Your Tinnerman representative can 
show you how. Call him soon—and write for your edi- 
tion of “Savings Stories” —actual case histories of lead- 
ing manufacturers. TINNERMAN PRODUCTS, INC., Dept. 
12, Box 6688, Cleveland 1, Ohio. In Canada: Dominion 
Fasteners Ltd., Hamilton. In Great Britain: Simmonds 
Aerocessories, Ltd., Treforest, Wales. 


New Bendix Console Model 





Magnetic Disk Dictation 


In this new dictating machine employing magnetic 
recording on thin paper disks, corrections are made 
simply by re-recording over the portion to be 
changed. Recording head is guided across the re- 
usable disk by a spiral-grooved plastics disk. Machine 
shown is a dual dictating-transcribing instrument 
built by Magnetic Recording Industries, New York. 


of the bars. The bars are thus drawn toward the center 
of the commutator and high arch pressure is built up 
between them. The result is a sturdy construction that 
is more stable under heat shocks. Also it generally re- 
quires less seasoning and tends to retain a smoother 
surface than the vee-bound type. 

Approximately 20 per cent more commutator seg- 
ments have been used to provide dynamic braking at 
higher speeds without danger of flashover due to over- 
voltage. Consequently, full dynamic braking effort is 
available at speeds below 40 mph, and reduced braking 
from 40 mph to the maximum permissible speed. 

Armature Core: Slot wedges have replaced the bind- 
ing wire formerly used to hold the armature coils in 
place in the core. This change increases efficiency by 
eliminating losses in the bindings, and also provides 
greater mechanical strength. 

Shaft: Two changes have been made to increase the 
rigidity of the shaft. The cross section area has been 
increased by about 30 percent, and all shaft keys have 
been eliminated. The latter change has been made pos- 
sible by “hot-stacking” the core on the shaft. This proc- 
ess secures the tight fit between the core and shaft 
necessary in transportation service. As with the older 
motor, the shaft of this new design can be removed 
without disturbing either the windings or the commu- 
tator. 

3earings: Both bearing assemblies have been simpli- 
fied without in any way sacrificing their performance 
characteristics. A sturdier, more compact type of flinger 
has been incorporated in the assembly on the commu- 
tator end. This serves to eliminate the oversized sheet 
metal flinger formerly used. On the pinion end, the in- 
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ner bearing housing has been made integral with, the 
framehead, and the bearing has been changed to the 
outerlipped type. These alterations facilitate reassembly 
of bearings after overhaul. OOO 


Preventing Extraneous Current 


ESEARCH aimed at minimizing the amount of 

extraneous electrical energy entering circuits from 
the outside was recently completed by the Engineer Re- 
search and Development Laboratories, Fort Belvoir, Va. 
The studies, although aimed at reducing hazards asso- 
ciated with electrical blasting, are applicable to all cir- 
cuits where unwanted currents may be produced from 
external effects. 

One phase of the investigation sought methods of 
guarding against energy pickup from mechanically gen- 
erated static electricity. The conclusions were, in part: 
all moving equipment should be connected with ground 
by a circuit having a resistance of not more than one 
ohm; the connections should be taped or otherwise in- 
sulated; wiring should be kept away from rails, other 
wiring and pipes which may be conveying electrostatic 
charges. 

Measurements were also made of the induced effects 
occurring in circuits operating near transmission lines. 
Tests indicated that induced voltages due to electro- 
magnetic fields can be reduced by decreasing the area 
enclosed by the circuit to be safeguarded. It was further 
found that induced effects from the dielectric field under 
a transmission line are much less in conductors on the 
ground than in conductors raised a short distance above 
the ground. 

No practical way of reducing pickup of radio-fre- 
quency energy on circuits operating near radio trans- 
mitters was found. Coo 


Formed Electric Heater 
in Blood Sugar Tester 


A. W. WANZER 
Chief Engineer, Mathewson Laboratory Equipment Div. 
Mathewson Machine Works, Inc. 


N DETERMINING blood sugar content on an 
l automatic basis, one of the problems in designing a 
laboratory unit for the purpose was to provide a staged 
heating and cooling cycle for blood samples contained 
in test tubes. Use of a start-and-stop rotary turret. 
motion in conjunction with a specially formed sheathed 
tubular heating element enables such tests to be com- 
pleted in less than 5 min on a mass-production basis. 
The Calrod type of electric heater is maintenance- 
free, easy to form and clean. 

The unit consists of a cast aluminum base on which 
are mounted a motor-driven turret with holders for 
12 test tubes, four tablet dispenser tubes, the heater, 
cooling bath and a discharge ramp formed of wire. 
Tablets of four chemicals are added to the specimen 

(Continued on page 226) 
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RCA Application Engineering is a special- 
ized service designed to assist electronic 
equipment manufacturers in product 
development. This service is at the dis- 
posal of all RCA tube and component 
customers. 


RCA Application Engineering offers you 
the collective experience of specialists 
in electronics who are qualified to help 
you with your design, specification, and 
production problems. These field engi- 
neers devote their time exclusively to a 
personal and confidential appraisal of 
customer’s specific tube and component 
requirements ... and a translation of 


Preface to a Better Product... 


these requirements into better products. 
In addition, three RCA Application 
Engineering Laboratories—conveniently 
located at Harrison, Lancaster, and 
Chicago ... are available for circuit re- 
search, product investigation, perform- 
ance tests, specification checks, and 
statistical quality analysis. 


The vast and impressive experience 
of this Application Engineering group 
accounts in part for RCA’s engineering 
leadership in the development of better 


an industry service without parallel 


tubes and components in advance of 
the market. 


To put RCA Application Engineering to 
work for you, phone the nearest RCA 
office* ...or write RCA, Commercial 
Engineering, Section 41HR, Harrison, 
New Jersey. 


*(East) Harrison 6-8000, 415 S. 5th St., 
Harrison, N.J. (Midwest) Whitehall 4-2900, 
589 E. Illinois St., Chicago, Ill. (West) 
Trinity 5641, 420 S. San Pedro St. Los 
Angeles, California. 


_ The Fountainhead of Modern Tube Development is RCA 


ELECTRON TUBES AND COMPONENTS 


er RADIO CORPORATION of AMERICA 


HARRISON, H. J. 





SMALL-SIZE HIGH-CAPACITANCE PAPER CAPACITORS 


EW FIXED paper-dielectric capacitors have capac- 

itances per unit volume that are two to three times 
those listed in JAN-C-25, yet meet all the requirements 
of “F” characteristic in that specification. Voltage rating 
is 100 volts d-c. For shorter life applications of 1000 hr 
at 40 C, the rating can be increased to 150 volts d-c. Above 
40 C, the units should be voltage derated in accordance 
with JAN-C-25. Capacitance tolerance + 10 per cent. 
Change in capacitance is negligible over temperature range 
from —40 to +-105 C. At —55-C, units drop in capacitance 
to 73 per cent of value at 25 C, but give required life. 
Line is intended primarily for d-c applications with _ per- 


POWDERED IRON SUBSTITUTE FOR 


ON-CRITICAL iron core material, Himag, is avail- 

able substitute for laminated steel cores in television 
deflection coils for higher frequency ranges where very 
high permeability is not needed. Pressed parts have elec- 
trical properties intermediate to rolled and stacked lamina- 
tions and conventional iron cores made by powder metal- 
lurgy method. Himag is fabricated by latter method. By 
varying particle size and degree of insulation, electrical 


Rating, Rating, 


Body dimensions, in. 
mf  watt-sec 


length height width 


Weight, 
lb 


0.015 118% % 
0.04 j 2 1 
0.05 ; 1% 
0.19 % 


missible ripple voltages in accordance with section B-3a 
of JAN-C-25, but can also be applied to low-voltage a-c 
circuits. Though not designed for heavy-discharge service, 
they will stand occasional discharges. Construction includes 
use of thin paper, thin foil and low-temperature Pyranol, 
a high-dielectric-constant material. Other claimed features 
of the design are: low noise generation; positive foil con- 
tact; high and stable insulation resistance. Solder-lug 
terminals are used. Transformer and Allied Product di- 
visions, General Electric Co., Pittsfield, Mass. 

For further information, circle No. 1 on Reader Inquiry Facility, page 183. 


LAMINATED STEEL 


properties can be controlled over rather wide frequency 
range. General properties with toroid measurements: max- 
imum permeability (d-c), 600; effective permeability, 300; 
coercive force, 2.5 oersteds; total loss at 60 cps, 3 watts 
per lb; maximum operating temperature 175 C. Properties 
are at 10 kilogauss. P. R. Mallory & Co., Inc., 3029 E. 
Washington St., Indianapolis 6, Ind. 


For further information, circle No. 2 on Reader Inquiry Facility, page 183 


TEFLON-COATED INSULATION FOR HIGH TEMPERATURES 


EFLON-COATED Fiberglas cloth is offered for elec- 

trical insulation of motors and generators, as coil 
separators, slot liners or coil wrappers, in heat-sealing 
equipment, on conveyors of sticky or adhesive materials 
and in high-temperature gaskets subjected to chemical 
attack. Material is available in standard widths of 38 in. 
and in thickness from 0.003 to 0.010 in. It can be slit to 
widths as narrow as % in. As electrical insulation, Teflon- 
coated Fiberglas meets class H requirements for high- 
temperature operation. Plastics resin is characterized by 
good heat resistance, inertness to chemicals, toughness and 
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Thickness—mils 


Dielectric strength, 
volts/mil 
Specific gravity 
Water absorption, 
% in 24 hr 
Power factor, 
% at 100 C 


Dielectric constant, 
100 C 
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tow to get the most 
out of 


MOLDED PHENOLICS 


Of all the plastic molding materials available today, 
none are more widely used, nor to better advantage, 
than the tried and proven phenolics. Though among 
the oldest of today’s plastics, they are always new 
and ready for the demands of modern industry. New 
formulations and new types of filler are constantly 
being introduced to provide new and desirable qualities. 









































For example, the medium-impact group is extremely 
popular. It offers excellent resistance to moisture and 
mild alkalis, good impact and structural strength, 
ready moldability, good electrical properties, and ex- 
cellent finish. These phenolics have proven ideal for 
such widely used applications as washing machine 
agitators, special types of electrical parts, pump im- 
pellers, tool housings, and scores of other equally 
practical working units. A few of them are shown here. 


The secret of getting the most from these and other 
phenolics is simply a matter of choosing the right 
plastics molder . . . one like Chicago Molded, for 
instance. We’ve been dealing with phenolics in all 
their widely varied forms for more than 30 years. 
This know-how, together with our unexcelled produc- 
tion facilities, is your insurance of consistently de- 
pendable results. 


This is important, too. We mold all other commercial 


plastic materials as well. So . . . whether your job 
calls for thermosets or thermoplastics . . . urea or 
styrene, melamine or acrylics . . . we mold them all. 


Thus, you’ll find here a thoroughly unprejudiced view- 
point whose one concern is to help you get the most 
out of your molded plastics job. That, perhaps, is 
one reason why more than 60% of our business comes 
from firms whom we have served for 15 years or more 
... and why you'll find this a good place to come for 
molded plastic parts. 


SCCCOHOOCOOSOOOL eeeeeseseeees 


The above expertly molded of 
If you would like interesting information about medium-impact phenolics by 


phenolics and other molded plastics, write for our 


fact-filled book, ‘“The Story of Plastic Molding.”’ ‘et 4 ; i AG @) 


But if you have an immediate application for plastics 


we invite you to discuss it with a Chicago Molded is @) i D 3 DB) 
engineer. Just write, wire or phone; no obligation. p R O D U eT Ss 
CHICAGO MOLDED PRODUCTS CORPORATION a Laka Tali bed, 


1024 N. KOLMAR AVENUE + CHICAGO 51, ILLINOIS 


CUSTOM MOLDERS OF ALL PLASTIC MATERIALS 
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resistance to outdoor weathering. Tensile strengths in 
warp direction, in lb per in. of width for various thick- 
nesses: 72 for 3 mils; 105, 4 mils; 100, 5 mils; 117, 7 mils; 
200, 10 mils. Per cent elongations under 35-lb pull for 3 
min for these thicknesses are, respectively: 1.0, 0.4, 0.8, 
0.2 and 0.8. Material does not deteriorate with time and 
has good arc resistance. Irvington Varnish & Insulator 
Co., 6A Argyle Terrace. Irvington 11, N. J 


For further information, circle No. 3 on Reader inquiry Facility, page 183. 


INDUSTRIAL CONTACTOR 


Addition of a 25-amp size has been made to line of 
industrial contactors. Designed for operation at 600 volts 
a-c maximum, unit has normally open contacts only. Can 
be furnished with power poles plus convertible interlocks. 
New size is available in 2- to 5-pole construction, revers- 
ing or non-reversing, open or closed. Floating armature 


and E-type magnet are features. Ilsco solderless terminals 
suitable for No. 6 wire are standard, but screw terminals 
can be furnished on special order. Contactor can be 
mounted interchangeably with 10 and 15 amp sizes in 2- 
and 5-pole construction. Horsepower ratings are, poly- 
phase: 3 hp at 110 volts; 5 hp at 220 volts; 7% hp at 
440/550 volts; single-phase: 1% hp, 110 volts; 3 hp, 220 
volts; 5 hp, 440/550 volts. Initial contact pressure per pole 
is 10 oz; final pressure is 12 to 14 oz. Neoprene mounting 
grommets on steel base permit mounting on grounded sur- 
face without further insulation. Application includes ma- 
chine tools, electric hoists, etc. R-B-M Division, Essex 
Wire Corp., Logansport, Indiana. 


For further information, circle No. 4 on Reader Inquiry Facility, page 


PRECISION POTENTIOMETER 


Precision potentiometer with two electrically separate 
sections is addition to line of low-torque devices. Offered 
with shaft torque as low as 0.013 oz-in., it is applicable to 
devices where exceedingly small mechanical force must 


control two electrical voltages. Developed to overcome 
space and weight problems in guided missiles, two-in-one 
design makes units useful in aircraft and industrial instru- 
ments. Current capacities up to 100 ma provide two out- 
puts sufficient to operate simultaneously controlling and 
recording or indicating instruments without amplification, 
with consequent savings in size and weight. Design pro- 
vides for flexibility to meet the needs of individual specifi- 
cations. Two resistor sections are offered in values between 
50 and 60,000 ohms each and with accuracies up to 0.065 
per cent. Operation at vibration frequencies up to 425 cps 
is satisfactory, as verified by actual flight tests. Miniature 
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precision ball bearings, or sapphire jewel bearings are used. 
All parts are of non-corrosive materials or are suitably 
protected by plating or anodic treatment in accordance 
with good instrument practice. Approximately 1% in. long 


with 14% in. diam and 0.078 diam shait, instrument weighs 
0.79 oz. Color-coded-wire leads provide the electrical con- 
nections. Electro-Mec Laboratory, 225 Broadway, New 
York 7. 

For further information r 


le No. 5 on Reader Inquiry Facility, page 183 


NICKEL-FREE FERRITES 


High-permeability ferrite parts may be obtained in two 
standard nickel-free mixes, called Ferroxcube 3 and 3C. 
Initial permeabilities measured on ring core are: type 3, 
900 to 1200; type 3C, 700 to 1000. Typical effective perme- 
abilities and Q’s with a slug-type core at various fre- 
quencies are at 50 kc, 3.1 and 96 respectively, for type 3, 
and 3.0 and 110 for type 3C; at 500 kc, 4.1 and 190 for 
type 3, and 4.0 and 170 for type 3C; at 5 me, 5.0 and 48, 
type 3 and 5.0 and 37, type 3C. The quantity R/ufL, which 
is indicative of core loss, varies, for type 3 ferrite, from 
40 x 10° at 2 kc to 1100 x 10° at 1 me. Here, R is equiv- 
alent loss resistance of core, u is permeability, f is fre- 
quency and L inductance. The Curie temperature, above 








Permeability, 











40 80 120 160 200 
Temperature, deg C 


which ferromagnetic properties disappear, is shown on ac- 
companying graph. When material is cooled below Curie 
temperature, it almost fully regains its permeability. Avail- 
able parts are U-cores, E-cores, yokes, toroids, slugs, pot 
cores, and pot core assemblies. Ferroxcube Corporation of 
America, 50 E. 41st Street, New York 17. 


r further information, circle Ne. 6 on Recder Inquiry Facility, page 183 


INSULATED TERMINALS 


One-piece Sta-Kon assemblies combine anchored ter- 
minal insulator of nylon and metallic portion that grips 
both wire and wire insulator. Suggested for use where 
leads are crowded or overlapped, where terminal insula- 
tion is subjected to heat and oil, or mechanical require- 
ments are severe. Insulator is color-coded for wire size; 
red for AWG 22 through 18; blue for sizes 16 through 14 
and yellow for 12 through 10. Terminals are installed with 
special hand tool in one staking operation, through combi- 
nation of press fit and outward flaring of metallic portion. 


ELECTRICAL MANUFACTURING 








106 FP 
1500 V (RMS) 
Flange diameter 19/64” 
Mounting hole 75” 
Electrode treatment 
FP only 


) 
> 





107 Series 
2000 V (RMS) 
Flange diameter 7,” 
Mounting hole 15/64” 
Electrode treatments 
TH, HT, FP, HTL, 


108 Series 
2000 V (RMS) 
Flange diameter 3%” 
Moynting hole 35” 
Electrode caidniane 
TH, HT, FP, HTL, 





104 Series 
1000 V (RMS) 
Flange Diameter .200 
Mounting hole 1” 


Electrode treatments 
SW and L 


105 Series 
1500 V (RMS) 


Mounting hole 7;” 
Electrode treatments 
SW and L 


A 

& 
= 
»/ 





110 R Series 
3000 V (RMS) 
Flange diameter 7” 
For exterior mounting 
Electrode treatments 
HTL, HT, FP, FPSW, 
and FPNH 


109 Series 
2500 V (RMS) 
Flange diameter $3” 
Mounting hole 7” 
Electrode treatments 
TH, HT, FP, HTL, 
and FPSW 





9 
<@) 


112R Series 
3000 V (RMS) 
Flange diameter 4" 
For exterior mounting 
Electrode treatments 
HTL, HT, FP, FPSW, 
FPNH and FP Threaded 





112 Series 
3000 V (RMS) 
Flange diameter 1/2” 
Mounting hole 3%” 
Electrode treatments 
HTL, HT, FP, FPSW, 
and FPNH 
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Flange diameter .250 





105 TB-FP 
1500 V (RMS) "EA? 
Flange 3%” hex. 
Mounting hole 1,” 
28 threaded 
Electrode treatment 
FP only 


and FPSW and FPSW 


t 


Glass to Steel for a 
True Fused Hermetic Sea! 


Protect Sensitive Electrical Components from 


a MOISTURE 
FUMES PT TTS 





GENERAL SPECIFICATIONS 
materials -- CR. steel disc and steel pressure test -- 12 pounds gauge. 


electrodes. nerfed with glass. se 10.000 mega 
finish -- fused electro tin plate. after salt water immersion. 


voltage fest -- see individual ter- sudden thermal shock test -+ 
minal. dry ice to boiling water. 


Key to Electrode Treatment Available on These Terminals 
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HTL SW 
3 m2 ee a. HOLLOW = STRAIGHT 
AND PIERCED TUBE TUBE LUG HEAD WIRE 
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Translucency of insulator permits inspection of finished 
job. Tongue and barrel are of electrolytic copper; insula- 
tion-supporting sleeve is electro-tinned bronze. Studs come 
in four sizes: No. 6, No. 10, %e in. and % in. Overall length 
varies with stud size. Maximum dimension of red-coded 


terminals varies from 0.71 in. to 1.17 in.; blue-coded, from 
0.73 to 1.17 in.; yellow-coded, from 0.98 to 1.28 in. Built-in 
air gap between terminal insulator and wire insulation in- 
creases electrical leakage path. The Thomas & Betts Co., 
Inc., 28 Butler St., Elizabeth 1, N. J. 


For further information, circle No. 7 on Reader Inquiry Facility, page 183 


AIR CIRCUIT BREAKER 


Low-voltage air circuit breaker, DB-50, is intended for 
motor-starting duty and industrial power distribution sys- 
tems. New air-delayed series-overcurrent tripping device, 
with all elements adjustable, provides long-time delay on 
overloads and instantaneous tripping on fault currents. Both 
long-time and short-time delay element can be specified. 
Rated at 600 volts a-c, 250 volts d-c, DB-50 has continu- 
ous rating of 100 to 1600 amp and interrupting capacity of 


50,000 amp. Can be operated manually or by a-c or d-c 


solenoids. Short-circuit stresses tend to hold contacts 
closed, permitting breaker to be closed or remain closed 
on faults of any magnitude within short-time rating. Sub- 
assemblies can be removed as a unit. Maximum overall 
dimensions are 19% x 19 x 27 in. Westinghouse Electric 
Corp., Box 2099, Pittsburgh 30, Pa. 


For further information, circle No. 8 on Reader Inquiry Facility, page 183 


METAL-CUP CERAMIC CAPACITORS 


High stability, small size and hermetic seal are features 
of capacitor types BO1 through BO8 and B11 through B18. 
Capacitance tolerance of +1 per cent is attainable. Tem- 
perature coefficients vary from +100 to —750 ppm per 
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deg C, increasing negatively with capacitance and working 
voltage. Temperature coefficient tolerance can be main- 
tained within +10 ppm per deg C, although standard tol- 


erance is +30 ppm per deg C or +15 per cent of the co- 
efficient, whichever is greater. Types BO1 through 08 have 
34 in. diam and rating of 500 volts d-c working. Types 
Bll through 18 have 15/16 in. diam and alternative 
ratings of 500, 1000 and 1500 volts d-c working. Height 
dimensions are dependent on capacitance. Capacitors con- 
sist of stacks of ceramic disks with silver electrodes fired 
on at high temperature, hermetically sealed in plated metal 
Shells. Self-inductance is low. Tests on typical group of 


6000 


g 











Capacitance, mmf 





-100 -200 -400 -500 -600 -700 -800 
Temperature coefficient, parts per million per deg C 


500-mf units indicated that after 400-hr exposure to 100 
per cent humidity at 40 C, insulation resistance was over 
10,000 megohms at 1300 volts and average change in Q at 
1 mc was 10 per cent. Internally and externally threaded 
mounting stud designs are available. Suggested applications 
are in critical frequency control circuits and for vhf bypass. 
Capacitors can be securely mounted to resist vibration and 
shock. Herlec Corporation, 422 N. 5th Street, Milwaukee 3. 


For further information, circle No. 9 on Reader Inquiry Facility, page 183. 


TERMINAL BLOCKS 


Terminal blocks, originally developed for Navy appli- 
cations, are now offered for general industrial equipment 
service. Material used is molded phenolic plastics, de- 


signed for high-voltage insulation. Five models are pro- 
duced; overall lengths are 5.35 in., 2.366 in. and 1.478 in. 
All models use No. 6-32 thread on male inserts. Segregated 


ELECTRICAL MANUFACTURING 











to solve the shortage puzzle 
es 
replace key pieces with 


> 


Lamicoip, a thermosetting plastic laminate, has 
already proved itself for such uses as terminal 
blocks, panels, dials and many other applications. 

The same qualities that make it adaptable to 
these uses may also provide practical answers to 
your material shortage problems . . . and perhaps 
even bring you savings or improvements! 

For example, you can obtain Lamico1 in a wide 
variety of forms and grades which are almost cer- 
tain to possess the exact characteristics your product 















High Dielectric Strength 
Low Power Factor 

Heat Resistance 

Low Moisture Absorption 
High Impact Resistance 
Dimensional Stability 
Light Weight 

Tensile Strength 





Resistance to Abrasion 


requires. This versatility is possible because LAmt- 
cop is produced through the use of many different 
fillers such as glass, nylon, fabric, paper, etc. with 
a variety of resins. 

LAMICOID is supplied in standard sheets, rods and 
tubes, or fabricated into parts to your specification. 
We will be pleased to put our 58 years of experience 
to work on your electrical insulation problems. 
Send your blueprints and specifications today for a 
prompt quotation. 


@ MICA usuballre COMPANY 


Schenectady 1, New York 


Offices in Principal Cities 


LAMICOID (Laminated Plastic) « MICANITE (Built-up Mica) « 
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EMPIRE (Varnished Fabrics and Paper) « FABRICATED MICA 







make the 
feathers fly... 


... Switch to Arkwright Tracing Cloth! 

You can re-ink clean, sharp lines over 
any erasure without “feathering” 

or “blobbing”’ to spoil your work. 
Painstaking Arkwright inspection 
guards your drawings against pinholes, 
thick threads or other imperfections— 
Arkwright quality insures them against 
brittleness, opaqueness, or paper-fraying 
due to age. That is why Arkwright Tracing 
Cloth takes clean, sharp drawings that 
yield clear, sharp blueprints years after 
you make them. Remember: if your 
work is worth saving, put it on Arkwright 
Tracing Cloth. Would you like a sample? 
Write Arkwright Finishing Co., 
Industrial Trust Bldg., 

Providence, R. I. 


individually accessible connections facilitate installation 
and service. Units come with or without related hardware. 
Shaw Insulator Co., 160 Coit St., Irvington 11, N. J. 


For further information, circle No. 10 on Reader Inquiry Facility, page 183. 


VARIABLE-SPEED DRIVES 
Speed-Trol Type KFE electric power drives are designed 
to meet demand for variable-speed drives of 20- and 25-hp 
ratings in chemical, metal working, food and plastics indus- 


tries, etc. Unit illustrated is dripproof model which pre- 
vents liquids or any foreign material from falling into 
motor. Motor housing and transmission case are gray iron 
castings which provide protection against corrosion from 
moisture-laden or chemical atmospheres. Features of drives 
are positive adjustment of pulleys, stepless speed variation 
and accurate control of speed under varying loads. Drives 
will also be available in splash-proof and totally enclosed 
fan-cooled models, and with built-in reduction gears for 
lower speed ranges. All models can be supplied with manual 
control, electric or mechanical remote control. Sterling 
Electric Motors, Inc., 5401 Anaheim-Telegraph Rd., Los 
Angeles 22. 

For further information, circle No. 11 on Reader Inquiry Facility, page 183. 


THIN ELECTRICAL STEEL 


Thin electrical steel, Tran-Cor T-O-S, can be operated at 
very high inductions, 20 per cent higher than any nickel- 
iron alloy. Material is intended for use in wound-type 


400 CPS DATA ON 
THIN ELECTRICAL STEEL _ 
A-Watts per |b; T-O and T-O-S 
BC D-Nolt-amperes for T-O-S, 
T-0 and T respectively 
Parallel grain samples 
reannealed at 1325 °F 
Negligible joint effects 
A,B ond C-4 mils thick 


Kilogausses 





20 
Watts per pound 
or 
Exciting rms volt-amperes per pound 


ELECTRICAL MANUFACTURING 





Dependable RECTIFIERS essential. 


Modern passenger cars are equipped 
with engine-driven a-¢ generators 


he ded anne fection nde Traditionally, the railways and railway equipment manufac- 


the deck, which supply all electric 
power independent of the locomotive. 


ee turers turn to Fansteel when dependable rectifiers are required, 
COURTESY ROCK ISLAND LINES - 9 * . e . 
knowing Fansteel’s long standing reputation for engineering 


and building rectifier equipment for exacting requirements. 


Many other industries and utilities, too, have found that the 
Fansteel trademark is a label of integrity. Fansteel engineers 
are at your service for consultation on rectifier and d-c power 


applications. Fansteel Metallurgical Corporation, North 


Ask for our booklet 


insteel Selenium Rectifiers . . Chicago, Illinois, U.S.A. 


Engineering Information” 
| a nN % te e| 12202 


THAT SERVES ae i a ee 


INDUSTRIES 
DEPENDABLE RECTIFIERS SENCE 192 4 
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FOR YOUR PANEL 


A NOVEL and UNIQUE CIRCUIT INDICATOR 


DESIGNED FOR 
NE-51 NEON LAMP 
For 110 or 220 
volt circuits 
The required resistor 
is an integral part 
of this assembly 
—"‘built-in,” 


RUGGED 
DEPENDABLE 
LOW IN COST 


WILL YOU TRY A SAMPLE? 


Write on your company letterhead. We will act at once. 
No charge, of course. 


SEND FOR THE 192 PAGE HANDBOOK OF PILOT LIGHTS 

Among our thousands of Pilot Light Assemblies there is one 

which will fit your special conditions. Many are especially 

made and approved for military use. We pride ourselves 
on prompt deliveries—any quantity. 


ASK FOR OUR APPLICATION ENGINEERING SERVICE 


Foremost Manufacturer of Pilot Lights 


The DIAL LIGHT COMPANY 
of AMERICA 


900 BROADWAY, NEW YORK 3, N. Y. SPRING 7-1300 


No false contacts 
No chatter 
Quiet in operation 


Eliminates double 
contacting or 
breaking of circuif 


\ 
\ 


Durakool 


STEEL MERCURY TIMERS 


The steel-clad ‘fixed time’ Durakool 
timer-relay operates in "sealed in’ 
hydrogen under pressure, with mercury 
to mercury contacts. Timing is tamper- 
proof. Non-breakable and built for 
millions of contacts. Fixed time delays 
available from 1/6 to 20 seconds, 
either normally open or normally 
closed action. 


See Telephone Directory for Loca! Distributor Send for Bulletin 800 


or write 


Durekool, Inc. Elkhart, Indiene 
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transformers and reactors which operate at 400 cycles. It 
was developed to permit miniaturization and reduction in 
weight of airborne electrical equipment. Minimum perme- 
ability at 18 kilogausses is 1800. Material is a low-core- 
loss iron-silicon alloy with a high degree of orientation 
obtained by special processing and test-selection for high 
permeability requirements. It has density of 7.65 gm per cu 
cm, volume resistivity of 47 microhm-cm or 282 ohms/mil 
ft and a lamination factor of 95 per cent solid. Supplied 
in 4-mil thicknesses and in 123 in. wide coils, steel is 
surface treated on both sides by chemical and thermal 
processing to insure low interlaminar energy losses. Surface 
treatment is unaffected by annealing. Strip can be bent flat 
over a small radius, then straightened without cracking, and 
easily slit or sheared. Armco Steel Corp., 1749 Curtis St., 
Middletown, Ohio. 


For further information, circle No. 12 on Reader Inquiry Facility, pege 183. 


MAGNETIC CONTACTORS 


New line includes magnetic contactor, Series A; auto- 
matic transfer switches, Series B; and automatic controls, 
Series C. Series A, illustrated, may be obtained with nor- 
mally closed or normally open contacts, electrically held or 
mechanically held, open or enclosed construction. Units 
have either one, two or three poles, with ratings of 30, 47, 


70, 100, 150, 200, 300 and 400 amp. Weights in open con- 
struction range from 5% to 42 lb; enclosed, from 14 to 
95 lb. Dimensions in open construction range from 6 x 7 
x 4% in. to 14 x 28 x 6 in.; enclosed, from 9% x 10 x 5 in. 
to 30 x 24 x 6 in. Series B units transfer circuit from nor- 
mal line to emergency line on power failure. Available in 
two or three pole construction and in current ratings from 
30 to 300 amp. Series C units are built in three capacities: 
up to 2 hp; 3 to 5 hp; and 7% to 10 hp. Three or four 
pole construction. Weights are 22 to 25 lb, open type; 
45-50 lb, enclosed type. Dimensions for three-pole unit, open 
type are 14x 12x 4% in.; enclosed, 15 x 18 x 6 in. Lumenite 
Electronic Co., 407 S. Dearborn St., Chicago 5. 


For further information, circle No. 13 on Reader Inquiry Facility, page 183. 


SILICONE RUBBER 


Increased mechanical strength is feature of new silicone 
rubber G-E 12650. Tensile strength is 600 psi; elongation 
measures 240 per cent; tear strength is 50 psi. Specific 
gravity varies from 1.1 to 1.2. Durometer reading, A scale, 
is 50 +5. After oven aging for 70 hr at 350 F, tensile 
strength decreases 5 per cent and elongation decreases 30 
per cent. After oil aging with ASTM oil No. 1 for 70 hr 


ELECTRICAL MANUFACTURING 








GOOD NEWS for those 
who use Cold Heading Wire 























IS MAY BE THE FIRST TIME you've heard of “Formbrite.” 
‘Toe to those who fabricated the millions of pounds we’ve produced 
in the past year, Formbrite represents a long forward stride in the 
metallurgical development of Cold Heading Wire. 

The name “Formbrite” designates a special process of rolling or 
drawing, plus a special heat treatment which imparts a superfine 
grain to copper-base metal. At present Formbrite is produced 
only in certain brass alloys. 

The advantages? Formbrite Cold Heading Wire is bright, clean, 
strong and “springy”— yet possesses a degree of workable ductility 
unlike any wire you’ve seen of equal strength and hardness. That’s 
what makes it so desirable for rivets, wood screws, machine screws 


and a host of other cold upset products. 


; : a ' 
iil ns Where parts are to be polished or plated, fine-grained Formbrite 

; The American Brass Company offers definite money-saving advantages on buffing, polishing and 

designating copper-base al- ; : . ; ae 

loys of exceptionally fine tumbling operations. Moreover, Formbrite Cold Heading Wire is 

; grain, combining unusual aie i deh . ; 

; oil iitee, Aaemnsiiaiiiiten wtih supplied in one temper, resulting in simplified stocks and inventory. 

: strength and hardness, plus Formbrite is produced in the form of sheet, strip, rod, wire and 

, excellent ductility. : : : ; 

, seamless tube — at no increase in price. For deep-drawn polished or 


plated parts, it’s been nothing short of sensational. Want to compare 
Formbrite with ordinary drawing brass in your own polishing 

room? Then write for a kit of two sample cups — plus additional 
information about Formbrite. Address The American Brass Company, 


n General Offices, Waterbury 20, Connecticut. © s:100 
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of the Wrist 


and 


IT’S LOCKED! 


NEW @fi eric 
INTERLOCKING DEVICES 


tg RODALE 


Got a wire connection problem on indus- 
trial equipment? New TURN-TYTE Cord 
Connectors, Caps and Receptacles are 
your answer! 


slight turn locks them TIGHT! 
TURN-TYTE 2-Wire Cord 
Connector Body. Two pieces 
of molded bakelite, with 
armored base and cord clamp. 
Bronze contacts mounted on 
brass terminals assure positive 
heat-free conductivity. Metal 
straps and armor coated to 
resist rust and corrosion. 
Available in 10-15 amps—Cord 
hole .500; O.D. 1%” (#2100) 
and 20 amps—Cord hole .625; 
O.D. 1%” (#2200.) 


..» they're fully INTERCHANGE- 
ABLE with other makes! 
TURN-TYTE 2-Wire Ar- 
mored Cap with cord clamp. 
Bakelite with brass blades 
and brass terminals. Available 
in 10-15 amps—Cord hole .500; 
O.D. 1%” (# 1206) and 20 amps 
—Cord hole .625; O.D. 1%” 
( #1226.) 


AVE TROUBLE 


.«. they're PRECISION-MADE— 
Underwriters’ Listed! 


TURN-TYTE 2-Wire Single 
Receptacle Bakelite. Accom- 
modates all polarized and non- 
polarized caps and standard 
single outlet plates. Available 
in 10-15 amps (#1020) and 20 
amps ( #1220.) 


Discover the safety, economy and dependabil- 
ity of the new TURN-TYTE Interlocking Devices 
. +. and you'll never settle for anything less. For 
catalog and complete details, write Dept. <M-2. 


Sold Only Through Leading Wholesalers 


If your wholesalers cannot furnish you with 
TURN-TYTE devices, we will be pleased to send 
you names of suppliers in your area who can fill 


all your RODALE needs. 
IMMEDIATE DELIVERY! 


ALE 
PP aod 


MANUFACTURING CO., INC. 
EMMAUS 


Also Available! 
3-Wire, Polar- 
ized and 
Grounded. 

10-15 Amps 
and 20 Amps. 


PENNSYLVANIA 


Specimen thickness — mils 


Dielectric strength—volts/mil at 60 cps 
Dielectric constant at 60 cps 
at 1 me 
Power factor in per cent at 60 cps 


at 1l me 


at 300 F, corresponding decreases are 20 and 10 per cent, 
with volume change of 0 and +15 per cent. With ASTM 
No. 3 oil, volume change is +55 per cent. Flexibility is 
maintained down to —65 or —70 F. Standard color is red, 
but special colors can be produced. Chemical Dept., Gen- 
eral Electric Co., 1 Plastics Ave., Pittsfield, Mass. 

r further information rcle No. 14 on Reader Inquiry Fac 


VERTICAL MOTORS 


Vertical - mounting — solid- 

shaft capacitor motors, Types 

KCS and KC, are available in 

single-phase ratings from 3% 

to 5 hp. Principal application 

is On jet pumps and other as- 

semblies for supplying water 

to homes and farms. For 60 

cycles, 115/230 volts, 40 C 

rise, motors are rated at %, 

1, 1%, 2, 3, 5 and 7% hp, 

with shielded  (dripproof) 

frames from 203 P to 254 P. 

For 50 cycles, ratings are 

50 C rise, and 1, 1%, 2, 3 and 

5 hp, with frames from 203 P 

to 225 P. Capacitors are electrolytic or Pyranol. Thermal 

protective device is optional for units of 2 hp or less. 

Dimensions of type P base, machined to NEMA standards, 

are same as those of polyphase motors of same size. Small 

and Medium Motor Div., Apparatus Dept., General Electric 
Co., Schenectady 5, N. Y. 


For turther information, e No. 15 on Reader Inquiry Facilit ge 183. 


LOW-CAPACITANCE RELAY 
Low-loss midget relay has maximum capacitance between 
contacts and ground of 2% mmf. Can be furnished single- 
pole normally open or normally closed, 2 poles normally 


open or normally closed, and single-pole double-throw con- 
tact form. Maximum rating is 3 amp noninductive at 28 
volts d-c. Two-pole normally open relay is illustrated. 


ELECTRICAL MANUFACTURING. 





Phenolic 
Tubing 


TRUMBULL )ELECTRIC\ |i is used in heavy 
Ai duty switches. 


“R. B.A.” 
HEAVY DUTY SWITCH BODY As 


In their popular “R.B.A.”” Heavy Duty Industrial Switch 
The Trumbull Electrical Manufacturing Co. 


* Trade Marks 


HeCLEVELAND CONTAINER GI 


6201 BARBERTON AVE. CLEVELAND 2, GHIO 


PLANTS AND SALES OFFICES ot Plymouth, Wisc, Chicago, Detroit, Ogdensburg, N.Y., Jamesburg, N.J 
ABRASIVE DIVISION at Cleveland, Ohio 
CANADIAN PLANT: The Cleveland Container, Conada, Ltd. Prescott, Ontario 


uses Cosmalite Tubing to insulate its body bolts. 

The combined electrical and physical properties of CLEVELITE* and COSMA- 
LITE* are essential wherever strength, low moisture absorption, high dielec- 
tric strength, low loss and good machineability are of prime importance! 

DEPENDABLE—ECONOMICAL—LONG LASTING 

. .. Why Pay More? 

Made in diameters, wall thicknesses and lengths to meet special or new 
adaptations . . . in various grades to meet the most exacting needs. 
Your inquiry will receive immediate attention. 


Cc Oo S M A L I 7 E REPRESENTATIVES 
T U B E S 1 N S U - A T E NEW YORK AREA R.T. MURRAY, 604 CENTRAL AVE. EAST ORANGE, N. J. 


NEW ENGLAND &. S. PETTIGREW & CO. 10 N. MAIN ST., WEST HARTFORD, CONN. 
B 0 D Y B Oo L T S CHICAGO AREA PLASTIC TUBING SALES, 5215 N. RAVENSWOOD AVE, CHICAGO [- 
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Send for this time-saving file today. Its 
16 pages are filled with charts on Pitch 
Diameter Tolerances, explanations of Amer- 
ican and Unified Thread Limits, styles, 
specifications and part numbers of standard 
brass nuts and other helpful technical data. 


It’s designed to fit and be found easily in 
a standard file drawer and has a handy 
pocket flap to hold supplements and other 
fastening information. Send for yours today. 


MAIL THIS COUPON TODAY! 4) >) 


Foscker SPECIAL MFG. CO. 


“Turned Products Since 1905" 
CINCINNATI 6, OHIO 
Send me your new Fischer File 
a 


ES, er State 


oHhd&Hoavovo® 
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Units are also available up to 4-pole double-throw in 
standard contact arrangement. Relay is suited for small 
dynamotor service, when furnished with a special single- 
pole parallel-break contact construction. It has been 
designed for airborne armed services application. R-B-M 
Diy., Essex Wire Corp., Logansport, Ind. 

For further information, circle No. 16 on Reader Inquiry Facility, page 183. 


PILOT-CONTROLLED VALVE 


Valve is designed for auto- 
matically controlling alternate 
application and exhaustion of 
pressure to and from equipment, 
cylinders or diaphragm cham- 
bers such as in operation of 
diaphragm motor valves, air or 
hydraulic cylinders, etc. When 
solenoid is energized, exhaust 
port is closed and pressure is ap- 
plied to delivery port. When 
solenoid is de-energized, pres- 
sure supply is cut off and de- 
livery port is connected to ex- 
haust. Valve construction pro- 
vides a screwed bronze main 
valve actuated by internal piston 
controlled by 3-way solenoid 
pilot valve. Cycles are repeated. 
Valves are suitable for han- 

dling air, gas, oil or other noncorrosive fluid at temperatures 
not exceeding 180 F. Pipe sizes are 1, 1%, 1% and 2 in,, 
each with designs suitable for 125- and 250-psi operating 
pressures. Standard solenoids are rated at 115 or 230 volts 
a-c or d-c and for 25, 30, 50 or 60 cps. Other ratings avail- 
able when required. Automatic Switch Co., 393 Lakeside 


| Ave., Orange, N. J. 


For further information, circle No. 17 on Reader Inquiry Facility, page 183. 


SMALL PRECISION RESISTORS 


Line of subminiature resis- 

tors is designed to meet JAN- 

R-93 specifications. Type SM- 

15 has 5/16 in. diam, % in. 

length. Power rating is 0.15 

watts and maximum resist- 

ance is 200,000 ohms. Type 

SM-30 has 5/16 in. diam, 4% 

in. length. Power rating is 

0.30 watts and maximum re- 

sistance is 400,000 ohms. Tol- 

erance of 1 per cent is stand- 

ard but 1/10 per cent can be 

supplied on special order. 

Elimination of center hole 

mounting and inclusion of axial leads increases winding 
area and permits 25 per cent greater resistance values than 


| otherwise. Special coating is fungus-proof and designed to 


meet JAN-R-93 specifications. Sealed-in-phenolic construc- 
tion affords additional climatic protection. Instrument Re- 


| sistors Co., 1036 Commerce Ave., Union, N. J. 
| For further information, circle Ne. 18 on Reader Inquiry Facility, page 183. 


VARIABLE-SPEED DRIVE 


Motor control 301-A consists of a motor and a compan- 


| ion control box operating from the 115-volt 60-cycle line. 
This combination provides control of the speed of the motor 


ELECTRICAL MANUFACTURING 
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Installation of the Calrod heater in a “Supermatic” coffee 
urn is a matter of minutes. The operator merely inserts 


the proper heater... 


Calrod’ Heaters 
Are Easy to Install 





183. 
require little maintenance and no post- 
o o e e e 
ail installation servicing, reports Superior 
\N- 
-M. Tea & Coffee Co. 
in. 
0.15 MANY MACHINERY MANUFACTURERS, like Supe- 
s1st- . .. which he has selected from the four standard types rior, are improving their process equipment with “‘built-in’’ 
| P § Pp quip 
% of Calrod immersion heaters which Superior stocks and electric heat. Fast, accurate, dependable heat . . . where 
™ veos exclusively . . . they want it, when they want it, and in the amount they 
- is } ] y 
re- want... with G-E Calrod heaters. 
rol Whether your application is heating liquids, surfaces, 
PE § tq 
nd- ee ae ari 
re air, pipelines, or melting soft metals, there is a G-E Calrod 
Low heater to do the job. And the recommendations of a G-E 
ole Heating Specialist will save you money the way they 
ing saved for Superior. 
1an ’ , 
to When you design for mass production, remember, Calrod 
uc- heaters are easy to install and require little maintenance. 
Re- Stock them and save on quantity purchases. 
*Registered Trademark 
183. 





Gg ee 
You Cline fil pow confalence nm 


3 .. . locks it into place, connects it up, and it's ready to 


n- { provide the accurate, reliable heat so necessary for 
ne. brewing coffee with that “Extra Goodness that brings G - N k a A L & LE C T i | C 
7200-44 = 


tor customers back.” 
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fedders O° 
“Foather [oO a 


met the rigid requirements 


Fedders-Quigan Corporation curate electronic 

chose MARCO TRI-MOTORS balancing meth- 

for their Room Air Condition- ods. 3.) Precision 

ers because they wanted the held mechanical tolerances. 
maximum in quietness and de- = 47 ARCO Motors are available 
pendability. in 1/100—'’g HP range; 4 and 
“Feather Quiet’ operation is a 6 pole; 1, 2 and 3 speed. 
result of three unique factors: There’s a MARCO Motor and 
1.) The unusual Marco elec- MARCO engineering service 
trical design that banishes to meet your particular prod- 
A.C. hum. 2.) Freedom from uct requirements. 

vibration attained through ac- 


| Please send me COMPLETE DATA | 


on a MARCO Motor to fit our requirements 


Company 
Address 
Current 


Speeds Shaft Diameter 
Mounting Product 


UV Cee lat ae | | 


your product at 
788 Terrace Blvd., Depew, New York ready-made prices 


from 50 to 5000 rpm. Front panel meter, 
calibrated in rpm, gives motor speed 
directly. Armature voltage is fed back 
to grid circuit of thyratron in such man- 
ner that control maintains speed ap- 
proximately constant at the setting de- 
ermined by the control knob, regard- 


less of variations in the load demand 
torque. Motor delivers up to 10 oz-in. at 


| any speed between 50 and 5000 rpm. 
| Motor is suitable for flange or base 
| mounting. In the laboratory, the con- 
| trol can be used to drive segmented 


disks, synchronous switches, ete. Con- 


trol box is approximately 7x7x6 in. and 


weighs 6 lb. It is useful in industrial 
applications as the drive in coil winding 
machines, conveyor belts, etc. and_ is 


| particularly adaptable to machine tools. 


Industria] Control Company, Wyandanch, 


| L. I, New York. 


ircle No. 19, Reader inquiry f ty, page 183 


METALLIZED PAPER CAPACITORS 


Three types constitute new line of 


| paper tubular capacitors. Pup type for 
| equipment where space is limited has 


metal end caps and is enclosed in wax- 


mi (ee 


impregnated paper tube. May be used 
from —40 to +60 C without derating. 
Available in nine values from 0.01 to 
2.0 mf at working voltages of 200, 400 
and 600 volts d-c. Dimensions range from 
3% x % in to 2%o.x2% in., diam and 
length. Leads are anchored in metal 
end caps. Sealpup is small type with 
seal against moisture. Diam and length 
range from 0.175 x 4% to 0.750 x 2%6 
in. Eleven values are offered, from 0.01 
to 2.0 mf at 200, 400 and 600 volts. 
Metapup type is hermetically pressure 
sealed, enclosed in one-piece tubular 
case. Twelve values range from 0.01 to 
6 mf, up to 600 volts. Diam and length 
range from % x %4 gto 1% x 2%@ in. 
Sealpup and Metapup may be used from 
—55 to +95 C. Above +60 C, voltage 
derating is necessary. Standard capaci- 
tance tolerances are +40, —20 per cent 


ELECTRICAL MANUFACTURING 













Jaeltelaitem the life of your bearings 






Model 53—An efficient, gener- 
al purpose seal for high speeds. 
For shafts 3” to 10” diameter. 


PATENTED 


2S eaewemet oo © 



















ERVICE records from thousands of different instal- 
lations prove that bearings last longer and require 
less maintenance when they’re protected by Garlock 


; Model 51—A sturdy seal 
f Kiozvre Oil Seals. Once a Garlock Kiozure has been erie ia ae. tas 
r installed, you have the best possible insurance that the be used on reciprocating 
s § bearing lubricant will be sealed in—that dirt and for- SORE GED GENT OEE 


A pressures. 
eign matter will be locked out. 


There’s a service-tested KLozureE design for practi- 
cally every bearing application. These superior oil seals 
are produced in a wide range of sizes including Metric 
O. D. to fit bearing manufacturers’ standard bores. A 
few of the most widely used models are shown here. 


Write today for the new Klozure Catalog 





THE GARLOCK PACKING COMPANY 
PALMYRA, NEW YORK 





g. In Canada: The Garlock Packing Company 


to of Canada Ltd., Toronto, Ont. Model 63—An efficient, gen- Model 64—A strong, effective 
0 eral purpose seal for high seal for heavy duty on shafts 
m speeds. For shafts 3” diameter of the largest diameter. 





id and smaller. 


: GARLOCK . 


th 


‘16 







ire 









OIL 

th 

in. 

: SEAL 

ge Model 91A—A springless seal Model 91B—A springloaded 

ci- of small cross section, with the seal of small cross section, 

ont *REG. U.S. PAT. OFF. metal reinforcing member sur- with the metal reinforcing 
rounded by rubber. member surrounded by rubber. 

NG 
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Courtesy Arnolt Co., Warsaw, Ind. 


Plere’s an “on-the-spot” answer to the problem of 
providing automotive accessories with a combination of 
push-pull and rotary control. As the application 
shows, with only a single $.S.White flexible shaft, the 


light can be swung the full 360° arc and tilted up or 


down simply by turning the control knob or by pushing 
it in or pulling it out. 


In addition to the obvious advantages of such an 
arrangement, the S.S.White flexible shaft is easily 
installed and allows both the light and its control 
knob to be mounted in the most desirable location. 


If you’d like to get further details on the versatility 
and usefulness of S.S.White flexible shafts, 


WRITE FOR BULLETIN 5008 


It gives essential facts and data on flexible shafts and 
tells how to select and apply them. 


We're now ready to serve you at our 


WESTERN DISTRICT OFFICE 


V TIMES BUILDING 
LONG BEACH, CALIF. 
to meet your requirements on S.S.White flexible shafts, 
aircraft accessories, resistors and plastic products. 


One 
ence etweensns DIVISION 


Dept. 3, 10 East 40th St. | 


DENTAL MFG. CO. 
ie nee NEW YORK 16, N. Y. 


Western District Office * Times Building, Long Beach, California 


up to 1 mf; +30, —20 per cent above 
mf. Other tolerances are +20 per cent; 
+20, -—10 percent; +10 per cent. 
Cornell-Dubilier Electric Corp., _ S. 
Plainfield, N. J. 

Circle No. 20, Reader Inquiry Facility, page 183. 


MEDIUM-SIZE SOLENOID 
Medium-size solenoid is available in 
three voltage ranges: 110, 220, and 440 
volts, with 5s-in. maximum stroke, and 
with rated pull or push ranging from 


4 to 10 lb against gravity. It is dimen- 
sionally interchangeable with standard 
solenoids. Features of solenoid are con- 
struction which enables complete dis- 
assembly for coil replacement without 
removing solenoid from original mount- 
ing; fan-proof laminations, assembled 
by electro-hydraulic forging process; a 
“T” shaped armature which produces 
a closed magnetic circuit devoid of gaps. 
Practical Electric Co.. 4505 Oakwood 
Blvd., Melvindale, Mich. 

le No. 21, Reader Inquiry Facility, page 183 


PRECISION POTENTIOMETER 

Series L-400 precision potentiometer 
is designed for military airborne instru- 
mentaton and similar applications Fea- 
tures are: 3-watt rating, fully enclosed; 
5 to 125,000-ohm resistance range; 5 per 
cent standard accuracy, 0.5 per cent on 
order; 0.5 per cent linearity, 0.1 per 
cent on order; 300 deg mechanical ro- 
tation and 290 deg electrical rotation. 
Potentiometer is so designed that it can 


be ganged with up to 10 units of vary- 
ing resistance range. Available with *an 
on-off switch that can be made to op- 
erate at any desired point of rotation. 
Standard shafts are % in. round, 1 in. 
long. Other lengths, special flats and 
double-end shafts may be ordered. 
Manufactured to mechanical and elec- 
trical requirements of JAN-R-19 speci- 
fications and cased in molded anti-fungus 
phenolic case with metal end_ plates. 
Diameter is 156 in. Industrial Div., De- 
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Sperry counts on HARVEL 912-C 


For more than 10 years, Sperry Gyroscope Company has been insu- 
lating coils and other components with Harvel Internal Curing Var- 
nishes, because of their excellent mechanical and electrical properties. 

Sperry... world famous for the quality and performance of its instru- 
ments ... reports these specific advantages from the use of Harvel 

r 912-C, electrical insulating varnish: 

a 1. High mechanical strength. Conductors rigidly bonded into a 
: compact mass. No soft, tacky varnish interiors to allow movement of 
: conductors. 

1 2. High dielectric strength . . . 2200 vpm. Electrical properties 

retained at high temperatures—unaffected by oil. 
3. Fast baking time. 912-C cuts baking schedules as much as 50%— 
materially reduces production costs. 

- Sperry also turns to Irvington for Class “H” flexible insulations when 

space and weight are at a premium. Running safely at temperatures 
as high as 500°F, these insulations permit using smaller conductors, 
and thus open the way to lighter, more compact designs. It will pay 
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: ; : : NGTOWN 
you to investigate these Irvington products—mail coupon today for Sal 
the full story. Wesuati/ 

© OOOO OOHHOHHHOHHHOSSOHEHOOOSOOOOOE 
. ‘ving! arnish & sulator Co. 

- Send this convenient coupon now oo Fakews ditesoes 43, 0:2. 

n. s i Gentlemen: 

7 | Please send me technical literature on: 

1 rw Ore | [] Harvel 912-C Varnish [] Class “H” Insulation 
C- ; I saci enero ceetaednemeilad shied oasecalimdace EE eeomeaemeits 
‘i- 

a VARNISH & INSULATOR COMPANY IIIT sins sinstpiehinioconestelenhibiltesiosgelicligsnticiasaiemmnaideieaaannaa 
S. Irvington 11, New Jersey | Street Soe e ee eee eee e eee EEE ERTS EO EO OEE OROEEEOE SESE EE ee EEE SEES E eee EERE ESE HEE SEE SS EEE EOOr - 
e- j Ni iesipiesciiliebinnntate ZONEC...0c0-000-- i ccicniniinmnsisssintial “ 
IG 
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7 = “co N a , 
APPROVED BY UNDERWRITERS LABORATORIES AT 90 | Jur-Amsco  Corp., Northern _Blyvd., 


ii ae 2 ©. 
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the HEAT-RESISTANT lead wire 














CERAMIC DISK CAPACITORS 


Miniature Cera-Mite capacitors are 
offered in five classes: NPO, with zero 
temperature coefficient; N750, with co. 
efficient of —750 ppm per deg C; SL, 

















Dimensions, in. 


fits perfectly 
this 


Spacing of 
Disk outside Construc- 
diam. leads tion* 






into 





















picture 19C 34 8% A,B 
29C 196, 3% A.B 
36C 34 34 A, B, G 
11C 296, 6 A,B,C 








Meets government * A—-single unit; B—double; C—-triple. 
specification 


AN-J-C-48a 


































with coefficients from +170 to —870 ppm 
per deg C; GA, designed for specified 
voltages and capacitance tolerances. 
Standard capacitance tolerances are 
+20 per cent, except for GA (MRC) 
type, whose capacitance is equal to or 
greater than rating. Tolerances on 
temperature coefficient are: NPO, +60 
ppm deg C; N750, +120 ppm deg C. 
Standard d-c voltage ratings are 500 or 
1500 volts, as specified. Capacitors are 
designed to operate at maximum temper- 
ature of 85 C. Minimum insulation re- 
sistance at 25 C is 10,000 megohms or 
100 megohm-mf divided by capacitance, 
whichever is smaller. Units withstand 
twice rated voltage for 1 to 5 sec. After 
100-hr exposure to 95 per cent humidity 
at 40 C, insulation resistance exceeds 
1000 megohms. Available capacitance 
ranges are: NPO, 10 to 150 mmf; N750, 
10 to 440 mmf; SL, 10 to 330 mmf; GA, 
10 to 15,000 mmf. Dimensions, in ad- 
dition to those tabulated, are: thickness 
of disk, %42 in. max; lead length, 1% in. 
min. Three constructions are available: 
A, single unit; B, double unit with one 
common plate, 3 leads, both components 
of equal capacitance; and C, triple unit, 
one common plate, 4 leads, 3 components 
equal in capacitance. Sprague Electric 
Co., North Adams, Mass. 

Circle No. 23, Reader Inquiry Facility, page 183 
























FLAME RESISTANT 
HEAT RESISTANT 


HIGH INSULATION 
RESISTANCE 


EASY STRIPPING 
HIGH DIELECTRIC 


FACILITATES 
POSITIVE SOLDERING 


Also 
is not affected by the 
heat of impregnation... . 
making it an ideal wire 
for use in connection 
with coil and trans- 

former leads 






























































’ No “Nicking” problem in using this 
proven wire. Not being an extruded 
plastic, its diameter uniformity can be 
absolutely guaranteed. This eliminates 

3 nicking of conductors and constant re- 

MW setting of blades in the cutting process. 

made by Available in all sizes, solid and 
stranded, in over 200 color combina- 


engineers tions . ... “NOFLAME-COR assures 
ae " maximum output and minimum rejects. 
for engineers _ 






SPRING MATERIAL 


Material for spring members, Bronco, 
is made by cladding grade C phosphor- 
bronze to each side of copper core ma- 
terial. Composite metal is sold in strip 
form in conventional thicknesses and 
widths. Material is produced with vari- 
ous ratios of thickness for each layer, 
depending on desired combination con- 


ductivity and spring properties. Typical 
TRIED coowners 


and 20-60-20. Tensile strength runs 


I MATER Street. NaN York ‘f NY. from 82,000 to 86,000 psi, depending 


3 on ratio of bronze to copper. Producer 
Branch Offices suggests greatest utility is in applica- 
PHILADELPHIA BRIDGEPORT CLEVELAND- CINCINNATI CHICAGO tions where it is desirable to increase 
DETROIT MINNEAPOLIS ST. LOUIS eae y ae. conductivity of spring, but not to in- 

DALLAS DENVER LOS ANGELES SAN FRANCISCO SEATTLE 


MANUFACTURERS OF QUALITY WIRES AND CABLES FOR THE ELECTRICAL AND ELECTRONIC INDUSTRIES 






No “blobbing” of insulations under soldering heat, because 
“NOFLAME-COR” is NOT an extruded plastic. Production executives 
specify it as the most efficient heat-resistant wire yet 
developed. Save time, money and assembling headaches. Investigate! 















crease cross-section. Where percentage 
thicknesses are 20-60-20, resistivity is 
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Know-How is one of those intangible assets a 
company must possess. It is a factor which should be 
considered carefully when selection of a plastics de- 
Know-How can’t be photographed, 
It is obtained 
only after years of experience in all phases of this 


signer is made. 
can’t be described, can’t be bought. 


business — designing, die-making, engineering and 
molding. We have been working closely with manu- 
facturers in many industries. We have solved a num- 
ber of difficult problems for them. We think we can 
help you. 


HOW CAN YOU PHOTOGRAPH 


Q-B Says: 


When that part is made of plastics 


You may want to make a test 
Just call on us 
And without any fuss 


We'll see that you 
get the best! 


QUINN-BERRY CORP 


2656 West 12th Street 
ERIE, PENNSYLVANIA 






faN 7 a\a> y | 
—._ sa 
| 
MR. JOHN WEILAND, JR 
7105 Grand Parkway 


Milwaukee 13, Wisconsin 
Phone — Greenfield 6-7161 


Branch Offices 


MR. HARRY R. BRETHEN 
15 Lawrence 
Detroit 2. Michigan 
one — Townsend 8-2577 


MR. H. B. COLLINS, JR. 
Fairport Road 

East Rochester, New York 

Phone — Hillside 2415-M 
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MR. AUSTIN L. WRIGHT 
24 Decatur Road 
Havertown, Penna. 

Phone — Hilltop 7-0345 
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Br azing gurn 
Electric gurnace 
welding carbons aia 
weiding plates 2" . 
e welding * 
a dies 
molds 


elements 
ste 


Resistance 


Molds an 
Rail ponding 


- 
nalo for your copy of 


this 44-page book. Besides describing 
Stackpole products, it contains data on 
the amazing versatility of carbon and 
graphite in modern equipment. 


STACKPOLE CARBON COMPANY 
NA ae aad 
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17.0 ohms per circular-mil-ft or a con- 
ductivity of 60 per cent; for 35-30-35 
resistivity is 27.7 and conductivity 38 
per cent. General Plate Div., Metals & 
Controls Corp., 408 Forest St., Attleboro, 
Mass. 


Circle No. 24, Reader Inquiry Facility, page 183 


AIR FLOW SWITCH 
Vane-type pressure air-flow switch, Cat. 
113, is intended for use in forced air 
cooling of electronic equipment. Snap- 
action switch operates control relay to 





guard against tube failure in the event 
of blower failure or air-passage obstruc- 
tion. Units operate on pressure of 0.2 
in. water or more, by adjustment. Elec- 
trical rating is 5 amp at 250 volts a-c, 
UL approved. Not designed for d-c use. 
Contacts are normally open. Coral 
Designs Div. of The Henry C. Dietz 
Co., 12-16 Astoria Blvd., Long Island 
City: 22 Ne 

ircle No. 25, Reader Inquiry Facility, page 183 


GERMANIUM DIODE 


Germanium crystal diode, GCD-1, 
passes JAN-1A specifications for cycle 
immersion in hot and cold water and 
for temperature cycling. Continuous re- 
verse working voltage is 80 volts max; 
peak back voltage for zero dynamic 


resistance is 90 volts min. Forward 
current at +1 volt measures 4 ma min. 
Average anode current rating is 40 ma. 
Recurrent peak current may attain 150 
ma max; surge current may reach 500 
ma for 1 sec. Reverse current at —70 
volts and 20 C measures 70 microamp 
max. Ambient temperature may range 
from —50 to +75 C. Average life ex- 
ceeds 10,000 hr. Shunt capacitance is 
0.8 mmf. Unit operates satisfactorily 
from d-c to 100 mc. Berkshire Labora- 
tories, 512 Lexington Rd., Concord, Mass. 
Circle No. 26, Reader Inquiry Facility, page 183 


GASKET MATERIAL 


Asbestos-neoprene material, Duroid 
3102, has been developed for gasket 
use below 300 F. It is supplied in thick- 
nesses from 0.031 to 0.125 in. inclusive. 
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GENERATOR SETS 


(to 20 KW) 

High Frequency (to 12000 cy) 
400 Cycle 
Frequency Changers 
Phase Convertors 
Low Voltage DC 
High Voltage DC (2500 V) 
DC to DC; AC to AC 
AC to DC; DC to AC 
High to Low Frequency 
Low to High Frequency 
Telephone Ringing 
Moving Picture 


GENERATORS 


(to 20 KW) 


ALTERNATING CURRENT 
Single Phase 
Polyphase 
Standard Frequency 
High Frequency 
Inductor Alternators 
Permanent Magnet 


DIRECT CURRENT 
Low Voltage 


Plating 
High Voltage 





CONVERTORS 


(to 20 KW) 
Phase Convertors 
Frequency Convertors 





DYNAMOTORS 


DC to AC 
DC to DC 


(to 30 H.P.) 


ALTERNATING CURRENT 
Squirrel Cage Induction 
Wound Rotor Induction 

Synchronous 
Single Phase 
Polyphase 
Standard Frequencies 
High Frequencies 
DIRECT CURRENT 
Series 
Shunt 
Compound 
High Voltage 
Standard Voltage 
Low Voltage 
SPECIAL APPLICATIONS 
Torque Motors 
Brake Motors 


YOU CAN BET YOUR LIFE 


Om aTee 


... And you must have won your bet, or you probably 
would not be reading this now. 


Even as you read, thousands of other lives and countless 
tons of goods are being safeguarded by the dependable 
performance of made-to-order Esco electric power units. 


In the air, as well as on land and sea, Esco units supply 
power at many points where failure would mean de- 
struction or loss of life. Esco motors insure the unfailing 
performance of many aircraft fuel pumps. 


Wing flaps are often controlled by Esco units. The next 
time you fly, it may well be an Esco motor that insures 
your safety by fully extending the landing gear. 


If you value the reputation of your product, why not 
ask Esco engineers to provide a made-to-order unit that 
will increase dependability, add to the life, and better 
the performance of that product? Write us today. 


PLEASE!! 
When you write for information, please send de- 
tails of your requirements. Esco equipment is speci- 
fically designed to give the utmost in performance 
for your individual application. 


ELECTRIC SPECIALTY <. 


171 SOUTH STREET 
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This Bobbin Type Coil is supplied 
to clock makers: Some use 37%, 
others may specify 384% or 404 
wire; Deep wax or lacquer impregna- 
ion; enamel, formex, or nylon wire 
insulation. At Coto, it is usual to 
work to close tolerances. 


COTO-COIL/ 
- lds Tom! 


When you need electrical coils, why not 
take advantage of 34 years of experi- 
ence, engineering competence, and mod- 
ern production facilities. Coto coils are 
built for you, to your specifications. 


COTO-COIL 


COMPANY 



























































coit SPECIALISTS SINCE 1917 
66 Pavilion Avenue, Providence 3, R. |. 

















|lows: specific gravity, 1.45; 
| strength, 4500 psi lengthwise and 2000 
psi crosswise; bursting strength, 500 psi; 
water absorption in 24 hr, 15 per cent; 


cent; recovery, 95 per cent. Flexibility 
| is excellent; gasoline and oil resistance, 
| good. Tensile strength is reduced 40 per 
cent after 72-hr immersion in boiling 
water and 38 per cent after 24-hr im- 
mersion in 50 per cent methanol 
aqueous solution at 150 F. Rogers Corp., 
Mill St., Manchester, Conn. 
Circle No. 27, Reader Inquiry 


INTERLOCKING FOOT SWITCH 


Linemaster Lektro-Lok foot switch, 
model L-2-S, is of single-pole double- 
throw type, with mechanical interlock 


completed at the same time. This safety 
device operates on teeter-totter principle. 


one line, inasmuch as both interiors can 
be wired normally open or normally 
closed. Release of pressure returns 


|cord receptable eliminates harness as- 
semblies, all wiring connections being 
|made internally. Switch weighs 10 oz 
and is housed in stamped metal casing 


10 amp, 230 volts a-c and 20 amp, 115 
volts a-c. Other electrical combinations 
are available using different interiors. 
Applications include control of audio 
equipment, raising and lowering of ap- 
pliances, etc. Simonds Machine Co.. Ine. 
| Southbridge, Mass. 

Circle No. 28, Reader Inquiry Facility, page 183 


ELECTRICAL TAPE 


Electrical tape, Scotch No. 42 has low 
chloride content and is designed for 
capacitor manufacture. Construction fea- 
tures laminations of high-temperature 
acetate film and strong paper tissue. 
This backing is coated with high-in- 
ternal-strength adhesive, developed to re- 


| 250 F. Chloride content is less than 10 
ppm; electrolytic corrosion factor is 0.95. 


|of width, with adhesive strength being 
|45 oz per in. of width. Tape is 4 mils 


volts and insulation resistance of 100 


Typical physical properties are as fol- | 
tensile | 


| compressibility under 1000 psi, 15 per | 


Facility, page 183. | 


which prevents both circuits from being | 


Pressure on one side opens or closes | 





| switch to normal position. Only then | 
|can alternative throw be made. Single 


| with black crackle finish. Ratings are | 












sist action of glycol impregnant up to | 


Tensile strength measures 20 lb per in. | 


thick. It has dielectric strength of 4000 | 


see 


“NEW MODELS ¥ 





for DEMONSTRATING AND 
TESTING AUTO RADIOS 


New Models . . . Designed for testing D. C. 
Electrical Apparatus on Regular A. C. Lines. 
Equipped with Full-Wave Dry Disc Type 
Rectifier, Assuring Noise-less, Interfer- 
ence-Free Operation and Extreme 
Long Life and Reliability. 


aot, ,*,*,* * #8 88 
SSS 


American Tetevision « Ravio Co 


Quality verry Prag: S777. Amot ih 


SAINT PAUL 


MINNESOTA-U 5 
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“NEW DESIGNS 
NEW LITERATURE 
“A” Bottery Eliminator, DC-AC Inverters 














improved the performance of a 
relay without increasing its size 


SAME . 
VIBRATIgy RESISTay 
ANCE 


SAME CONTACT PRESSURE 


SAME FAST OPERATION 





awe S 


SPECIFICATIONS 


Size: Length: 15%4”; Height: 1'54”; Width: 1”. Dimen- 
sions vary with type of coil terminal used. Height shown 
is maximum (with 8 springs in pileup). Weight: Approx. 
2 oz. Coil: Single or double wound. Operating Volt- 
age: to 175 volts d-c. Armature: Single- or double- 
orm. Contact Arrangement: Forms A to C available. 
Maximum 8 springs in pileup. Mounting: Two #4-40 
screws. Can also be furnished with 2 or 4 mounting 
studs tapped for #4-40 screws. 


@ The Clare Type “K” Relay, first of the famous Clare 
line of small, lightweight, telephone-type relays, is still 
the mainstay of design engineers who must have superior 
relays to operate in extremely small space. 


Its fast operation, adequate contact pressure, high resist- 
ance to shock and vibration, long life and complete all- 
around dependability have met many complex require- 
ments. Once in a while, however, Clare engineers have 
been confronted with customers’ specifications which 
this Clare Type ‘“K”’ Relay would not quite meet. 


More often than not this was due to the small spool which 
limited coil winding to a maximum of 6500 ohms. Clare 
engineers have met this situation with the new Type “KX” 
whose sensitivity and operating range are increased by 
use of a slightly longer coil which can be safely wound to 
a maximum resistance of 8000 ohms. This additional 


Write for Clare Bulletin No. 116 


CLARE RELAYS 


First in the Industrial Field 


wari size : 


CLARE Type ‘KX’ RELAY 


AS 






























winding space is gained by a slight change in the design 
and suspension of the armature which enables the length 
of the coil to be increased without adding materially to 
the over-all length of the relay. 

The Type “KX’’, like the Type “K” and Type ‘'R” re- 
lays, has the reed armature suspension of special alloy 
which engineers recognize as one of the subtler reasons 
for the superior performance of these small Clare relays. 
The Type “KX” is interchangeable with the Type “K” 
for mounting. 


This new relay is available as either an open or her- 
metically sealed relay. Call your nearest Clare sales en- 
gineer ... located in principal cities to serve you... or 
write C. P. Clare & Co., 4719 West Sunnyside Avenue, 
Chicago 30, Illinois. In Canada: Canadian Line Materials, 


Ltd.., Toronto 13. Cable Address: CLARELAY. 







































































ELECTRICAL 
EXPERIENCE 





SERIES L-400 To meet the increasing 


demand for small com- 


pact precision potenti- 
BedUR ometers for military 
MODEL : 
L-400 airborne instrumenta- | 
"FEATURES: nae tion and similar appli- | 
* 15%" diometer cations, DeJUR is now | 
| : aes a producing the L-400 


5 to 125,000 ohms series potentiometers, 


built to rigid mechani- 
cal and electrical re- 
quirements of JAN-R- 
19 specifications. 


DeJUR DeJUR 
MODEL MODEL 
26) 292 


4 hs 2Va"' * 32" © 4” panel meters 
in all standard ranges. JAN-1-6 and A, S. Als 


DejuR FEATURES: 
MODEL Precision built DeJUR 114” 
instruments for applications 
space must be con- 
served © DeJUR rugged 
construction * Both models 
in all ranges and sensitivi- 
ties © External shunts and 
multipliers available for “sf 
various ranges © Complete 4 


A ~~ «Se 


® DC VOLTMETERS 

© AMMETERS 

@ MILLIVOLT METERS 
® MILLIAMMETERS 


@ AC RECTIFIER TYPES 
(self-contained). 


magnetic shielding and — 
méthods of lighting scale. 
© Approved source for gov- 
ernment services meets JAN 
‘ee ae 


Aluminum Case| 


One Hole Ring 
}__ Mounting 








ww 


Power RHEOSTATS 


Built to JAN-R-22 specifications, DeJUR Rheostats ore. 
available-in 25 or 50 watt sizes, single or dual mers 

Resistances up to 50,000 
ohms in the 25 watt size 
and 75,000 in the 50 watt 
size. 








PEE ATR RRR ETE PETE 






All 
Metal 
Construc- 






For Further 
information 
Write 
Dept. M-81 


= rere CORPORATION 
ST 





45-01 NORTHERN BOULEVARD, L. I. C. 1, N. Y. 


MANUFACTURERS OF SCIENTIFIC PRECISION EQUIPMENT FOR OVER A QUARTER OF A CENTURY 
© CAMERAS © PROJECTORS @© ENLARGERS @ EXPOSURE METERS e@ 





megohms. Tape is not touched by hands 
during manufacture. Minnesota Mining 
& Manufacturing Co., 900 Fauquier 
Ave., St. Paul 6, Minn. 
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LOUDNESS CONTROL 


Continuously variable loudness con- 
trol, Type LC1, consists of three variable 
resistance units operated from a common 
shaft. In combination with other pro- 





vided resistors and capacitors, it forms 
a frequency-compensating network. The 
response curves closely follow Fletcher- 
Munson curves, the accepted hearing 
standard. At a level of +60 db, the 
deviation between the two curves is less 
than 5 db from 25 to 10,000 eps. The 
curves at any output level coincide at 
1000 cps. Frequencies higher and lower 
than 1000 cps are boosted, the amount 
of boost increasing as the volume is de- 
creased. Three electrical connections 
are required. Length required back of 
mounting service is 1% in. without 
switch, 2%, in. with switch. Unit may 
be assembled from one Type Q control, 
two multi-section controls, two resistors 
and two capacitors. International Re- 
sistance Co., 409 N. Broad Street, Phila- 
delphia 8. 
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HEAT-RESISTANT LACQUER 


One-coat lacquer, C5173, developed 
originally as a finish for lighting appara- 
tus, may be used wherever temperatures 
up to 300 F are encountered. Adhering 
to all metals, including steel and alum- 
inum, it air-dries in 15 min. Retains 
colors well; resists cracking and peeling. 
Lacquer is available in all colors, in flat, 
semi-gloss and gloss finishes. United 
Lacquer Mfg. Corp., 1001 W. Elizabeth 
Ave., Linden, N. J. 

Circle No. 31, Reader Inquiry Facility, page 183 


CONSTANT-DELIVERY PUMPS 
Three heavy-duty type HG axial roll- 
ing-piston pumps are offered for opera- 
tion with motors from 3 to 15 hp, whose 





speeds are from 710 to 1750 rpm. Pumps 
are suggested for jobs with repetitive 
cycles, where controlled variable speed 
is necessary. Each unit consists of piston 
pump, supercharging gear pump, gear- 
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FOR PRODUCTS 


Stove Hardware 


Heater Plugs 





Toaster, Waffle Iron Parts 


Utensil Knobs and Handles 


USE [}AK| ||| HEAT-RESISTANT 


TRADE-MARK 


Many products and parts that op- 
erate at high temperatures are de- 
signed with heat-resistant BAKELITE 
Phenolic Plastics in mind. An exten- 
sive group of such materials meets 
recurrent temperatures ranging 
from 375 to 525 deg. F. In addition, 
these mineral-filled molding plastics 
as aclass are the most dimensionally 
stable of all the phenolics, primarily 
because of their very low moisture 
absorption. 

One such material is BM-13335 
for intermittent service in the 500 
to 525 deg. F. range. Its specific 
gravity is from 1.55 to 1.61. It can 
be preformed on standard tabletting 
equipment. It is readily molded to 
an excellent finish. 
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Another is BM-250 which offers 
greater resistance to mechanical 
shock. Its specific gravity is from 
1.86 to 1.94. It is also useful for over- 
coming such difficulties as cracking 
around molded-in metal inserts. 
This material, however, cannot be 
tabletted and does not provide the 
ease of moldability of BM-13335. 

In between are other heat-resist- 
ant BAKELITE Phenolics developed 
to meet varying Government and 
industrial standards. 

Bakelite’s experienced engineer- 
ing staff can help you apply these 
time-tested materials effectively, 
rapidly, and at lowest cost. Write 
Department CF-20 





Thermostat Cases 


PHENOLICS! 


BAKELITE 


TRADE-MARK 


Phenolic 
PLASTICS 


TRADE MARK 


BAKELITE COMPANY 
A Division of 

Union Carbide and Carbon Corporation 

30 East 42nd Street, New York 17, N. Y. 





EMC AND CYCLOHM 


pump relief valve and adjustable re- 
verse-flow high-pressure relief valve. 
Over 10 hp is transmitted by units with 
dimensions of 7 by 10 by 13 in. Maxi- 
mum pressure for models 530 and 830 
is 3000 psi; for model 850, it is 5000 
psi. Capacity varies from about 200 
to about 1100 cipm, depending on the 
model and motor horsepower. About 
135 cipm excess gear-pump oil at 100 


_psi is available for auxiliary purposes. 


Pump, work and machine are protected 
against overload. The Oilgear Co., 1560 
W. Pierce St., Milwaukee 4. 

Circle No. 32, Reader Inquiry Facility, page 183 


LARGER ADHESIVE LABELS 


Flat individual pieces, Print-Stix, can 
now be furnished in specified sizes larger 
than 3 x 36 in. and any number of 


| colors, square or die-cut. Protective 


backing covering pressure-sensitive ad- 
hesive side is stripped off at time of ap- 
plication. No wetting or use of external 
adhesive is required. Volume printing 
is available. Suggested for signs, labels, 
charts, other printed pieces. Topflight 


| Tape Co., 116 E. Market St., York, Pa. 
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3-CIRCUIT PLUG, RECEPTACLE 


Three-circuit plug and receptacle com- 
bination provides low resistance connec- 
tions. Bodies of both parts are molded of 
Durez phenolic material. Receptacle has 


silver-plated, silicon bronze spring con- 
tacts which are dimpled for low-loss con- 
tact and proper registration of the plug. 
Unit is designed for single-hole panel 
mounting by means of two screws or 
rivets. Plug prongs are heavy  silver- 
plated brass. Inner surface of cord outlet 
has recess to accommodate strain-relief 
ring. Will handle up to 3-wire, stranded, 
18-gage rubber-covered cord. Can be 
furnished with or without cord according 
to specifications. Both units are provided 
with solder terminals and are rated for 
15 amp at 125 volts, 10 amp at 250 
volts, a-c or d-c. Typical applications in- 
clude: fractional hp reversing circuits, 
light-duty 3-phase circuits, appliance 
grounding. Soreng Manufacturing Corp., 
9555 Eden Ave., Schiller Park, Ill. 
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MINIATURE BALL BEARING 


New pivot ball bearing has outside 
diameter of 1.5 mm. Diameter tolerance 
is +0.0000, —0.0002 in. To achieve 
tolerances, measurements are made 
with instruments accurate to 20 mil- 
lionths of an inch. Pivot shaft holds 
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DESIGN ENGINEER 
ELECTRICAL MOTORS 


SKF 
BEARING 
ENGINEER 


FOR EFFICIENCY AND ECONOMY 


Over the years, S0SF engineers have worked closely with engineers and 
designers in every field of industry. This co-operation, this team-work, has 
helped industry minimize friction in all types of equipment from 

the smallest motors to the largest blooming mills. Whether you are 

designing new equipment or looking for efficient, economical 

replacement bearings, look confidently to ssf for expert, proved advice. 
Depend on sss to help you put the right bearing in the right place. 7270.4 


BALL AND ROLLER BEARINGS 


fe 


SSOREEE WHY SKF IS PREFERRED BY ALL INDUSTRY [2lerance control» surface finish 
product uniformity + engineering service 
field service 


integrity + craftsmanship - metallurgy 


SKF INDUSTRIES, INC., PHILADELPHIA 32, PA.— manufacturers of S%*&F and HESS-BRIGHT bearings. 
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Insure your reputation for dependability by 
specifying Cornell-Dubilier A.C. motor capacitors 
by name. First with motor manufacturers year after 
year; they have to be good to get where they are 
today! Dept. H81. Cornell-Dubilier Electric Corp., 
South Plainfield, N. J. 


CORNELL-DUBILIER 
CAPACITORS 


PLANTS IN SOUTH PLAINFIELD. N. J.: NEW BEDFORD, WORCESTER, AND 
CAMBRIDGE, MASS.; PROVIDENCE, R. !.: INDIANAPOLIS, IND.: FUQUAY 
SPRINGS, N.C.; AND SUBSIDIARY, THE RADIART CORP., CLEVELAND. OHIO 


balls in place. Raceway wall is designed 


| so that its mass occurs at points of great- 


| loads. 


est strain to permit relatively heavy 
These miniature bearings are 
designed to replace jewel bearings for 
instruments used under severe condi- 
tions of shock and vibration. Miniature 


| Precision Bearings, Inc., Keene, N. H. 
Circle No. 35, Reader Inquiry Facility, page 183, 


SMALL THREAD INSERTS 
Four small-size stainless steel helical- 
wire thread inserts are designed for 
strengthening tapped: threads in alum- 
inum, magnesium, plastics, iron, steel, 


r 


hd « 


brass, bronze and wooden components. 
Included are 8-36 and 6-40 sizes in 
fine-thread series, 5-40 and 4-40 sizes 
in coarse thread series, all available in 
1, 1%, and 2 diam lengths. New inserts 
are designed to meet needs of house- 
hold-appliance and __ business-machine 
manufacturers for small-size anti-strip- 
ping, anti-abrasive and _anti-corrosive 
threads in housings of sewing machines, 
vacuum cleaners, adding machines, 
typewriters and other units. High load- 
bearing qualities result from fact that 
inserts provide thread engagements of 
90 per cent and better, and thus distrib- 
ute load over threads. The 18-8 stainless 
steel used provides resistance to abra- 
sion and corrosion. In addition to the 
new inserts, following sizes and types 


| are available: 6-32 to 14-6 sizes, NC and 
| NF. Heli-Coil Corp., 47-23 35th St., 
a 8. C.. 1, Be 
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SPLICING CAPS 
Two sizes of open-end copper caps 
are intended for “pigtail” wire splicing. 
Type 2004S accommodates combinations 


_ ranging from two No. 18 wires to three 
| No. 12 wires. Type 2011S accommodates 


| wires. 


from three No. 12 wires to three No. 8 
Hand-operated pressure _ tool, 
which may also be used for installing 
terminals, crimps splicing caps in four 
places. Plastics insulator snaps on over 
cap, insuring insulation that is flush with 
cap. Red locking ring can be pushed on 
only if splice is crimped. For smaller 
splicing combinations down to two No. 
20 wires, third type, 2001S, with open- 
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Two minutes ago she wouldn’t have 
traded her brand new vacuum cleaner 
for a mink coat. But now the cord is 
broken and she’s swearing she'll never 
again do business with the people who 
make this %x!**! sweeper. 


Well, here’s a hint that may help. 
Many top-flight cord makers are using 
a Fiberglas yarn tension member, com- 
bined with a paper filler to give flexible 
cordage the extra tensile strength it 
needs. And they’ re also using Fiberglas 
yarns to bind the conductors and fillers 
to give cordage added flex life. 


Why not mail us the coupon below 
for the names and addresses of the 
people who use Fiberglas yarns in their 
cordage? Do it today! 


OWENS-CORNING 


FIBERGLAS “Yun 


*Fiberglas is the trade-mark (Reg. U. S. Pat. Off.) 
of Owens-Corning Fiberglas Corporation for a 
variety of products made of or with glass fibers. 





FIBERGLAS IS IN YOUR LIFE...FOR GOOD 
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HERE SITS 


FOR A 


HERE’S WHY FLEXIBLE CORD 
REINFORCED WITH FIBERGLAS* 
YARN IS BETTER— 


—FIBERGLAS YARNS have unusual tensile 
strength, even in small diameters 


—FIBERGLAS YARNS resist moisture, oils, 
and most acids 


—FIBERGLAS YARN reinforcement helps 
make cord round, smooth, better looking 


—FIBERGLAS YARNS give increased flex life 


—FIBERGLAS YARN-reinforced cords cost no 
more than conventional cords 


* 7 


i 

i Please give me more information about wire and cables 
i made with Fiberglas Yarns, and names and addresses of 
i mokers using Fiberglas. 

; Ds hi ov hb bd io0 054s ccd ces ddcatidsnn ce cendisns bencieeteks 
; iol i ie kcces 
; IN oii ics ss cha ae cst ede 
; NN oo nv di Satins ok. epee oS ilk ss av 
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vighs Kedd... 


and way less trouble 


| 
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because its 





This Well-Cast magnesium permanent mold wheel cast- 
ing—a )4 Ib. light weight—reduces the overall weight of the hand 
truck on which it’s used. Tough as an American in Korea, it’s 
also a push-over to machine. Same thing applies to our sand 
castings in either magnesium or aluminum. Want to lose some 


weight? 


40 Years’ Experience 
Well-made wood and metal patterns e If you would like to get 
the Wellman magazine each month, drop us a note on your 


business letterhead. 


THE WELLMAN BRONZE & ALUMINUM CO. 





2533 EAST 93rd STREET* CLEVELAND 4, OHIO 
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end caps may be used. Units are UL 
and CSA approved. Buchanan Electrical 
Products Corp., 1290 Central Ave., Hill- 
side, N. J. 
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ENCLOSED GEAR MOTOR 


Slo-Speed geared-head totally enclosed 
motor is fan-cooled and has motor- 
mounted disk-type brake, supplied either 
for stopping or holding service. Ratings 





range from 2 to 15 hp, with NEMA and 
AGMA standard speeds from 280 to 30 
rpm inclusive. Double reduction of 
speed is used. Both motor and brake 
are dust-tight; an internal fan and outer 
fan are used. Motors have labyrinth 
seals, heavy-duty ball bearings lubri- 
cated for life. Units can be operated in 
any position without modification. Ster- 
ling Electric Motors, Inc., 5401 Anaheim- 
Telegraph Rd., Los Anzeles 22. 
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PLASTICS NAMEPLATES 


Material called Duralith is suitable for 
nameplates, dials, plates with diagrams, 
instructions, etc. Composition is mela- 
mine overlay on phenolic or melamine 
core. Conforming to MIL-P-78, type 
GCP-H, it is mar and heat-resistant, un- 
affected by cigarette burns, moisture, 
common acids, alkalies, solvents. Infor- 
mation on plate is prepared in color or 
colors desired, then covered with clear 
melamine. Glare is prevented. Duralith 
Corp., 136 N. 7th St., Philadelphia 6. 
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BEAM POWER TUBE 


British KT 66 power amplifier tetrode, 
now available here, is similar to 6L6 
but with appreciably higher ratings. 
Chief use is in output audio amplifier 





stages. Another use is r-f power amplifier 
up to 30 mc. Maximum plate dissipa- 
tion is 25 watts; maximum plate voltage 
500 volts tetrode-connected, 400 volts 
triode-connected. Respective transcon- 
ductances at these voltages and connec- 
tions are 6,300 and 5,500 microhms. 
Overall length is 135 mm; overall diam 
52 mm. Input capacitance is 16 mmf, 
output capacitance 11.5 mmf. British 
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OlL SHOULD BE 
NON-CORROSIVE — 
NON-FOAMING — 
NON-OXIDIZING 












FLUSH OUT 
SEDIMENT 
AFTER FIRST 
TWO OR 
THREE WEEKS 







Ohio Speed Reducers, correctly installed and lubricated 
require practically no attention. There is no constant 
supervision and adjusting. The housing interior of Ohio 
Speed Reducers is so designed to direct proper lubrica- 
tion back to the bearing. Only an occasional replace- 
ment of lubricating oil is necessary. It is generally 
agreed among power transmission authorities that the 
most satisfactory lubrication of speed reducers is ob- 
tained through the use of high grade petroleum oils; 
as temperatures sometime become extremely high, the 
oils should retain their body and lubricating qualities 
under heat. If the unit is operated in extremely low 
temperatures, the oil should have a pour test lower 
than the lowest surrounding temperature. 


Ohio Speed Reducers are filled at the factory with the 
proper oil to the correct level. After a few weeks of 
operation, the unit should be drained and flushed and 
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CHECK FOR 
THE PROPER 


STANDARDIZE win OHIO 


CHECK THE OlL 


NEW REDUCERS 
RUN "HOT" DURING 


old oil should be replaced or filtered to free solid 
particles caused by wearing in process. Oil should be 
changed every six or eight months under normal oper- 
ating conditions, to prevent accumulation of sludge. 


Do not have too much oil in housing; violent agitation 
of the viscous oil generates considerable heat, tending 
to destroy the lubricating qualities of the oil. If the 
reducer shows signs of excessive heating, check the oil 
level which should be neither too high nor too low. 


Of the oils found satisfactory for Ohio Speed Reducer 
operation, the following have wide distribution and 
are generally available: 

Socony Vacuum Oil Co. — Gargoyle Cylinder Oil #600W; The 
Texas Co.— Pinnacle Cylinder Oil; Cities Service Oil Co.— 
Optinus No. 6; For low temperatures—Socony Vacuum CW Oil. 
Housing should be filled to oil level plug only. Check 
breather hole, filter hole, drain plug and level plug. 


ESTABLISHED 1915 


THE OHIO GEAR COMPANY (C4EAD THE TAG 


1358 EAST 179 ST. © CLEVELAND 10, OHIO < 
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OFFERS 
CONTINUOUS ACTION 


plus 


VARIABLE SPEED 


from 30 to 200 strokes per minute 


for high speed D 


The new Di-Acro POWERSHEAR 
has remarkable speed and accuracy 
for the production of small parts. 

1. CONTINUOUS SHEARING ACTION— 
no clutch to engage! Feeding speed 
determines shearing speed. 

2. VARIABLE SPEED — cycle quickly 
set for each shearing operation. 

3. EASE OF OPERATION — fatigue is 
reduced, production soars. 

4. “SINGLE STROKE” SHEARING — 
non-repeating safety clutch for jobs 
not adaptable to continuous shearing. 


( ONE IL=\VRNAWSS 


IE-LESS DUPLICATING 


Any plant doing high speed precision shearing on 
smaller parts cannot cock to be without the 
DI-ACRO POWERSHEAR. Available in 12” and 
24” shearing widths, capacity 16 gauge sheet steel. 
Also standard model. 


DOES PRECISION WORK ON ALL SHEARABLE MATERIALS 
MICA LEATHER ALUMINUM STAINLESS STEEL 
PLASTICS SILVER SILICON STEEL and Many 
BIMETALS MAGNESIUM CHROMEMOLY Other Materials 
FIBRE COPPER LEADED BRASS 


SEND FOR 40 PAGE "'DIE-LESS DUPLICATING” CATALOG 
giving full details on Di-Acro Powershears, 

also Di-Acro Benders, Brakes, Rod Parters, 

Notchers, Rollers and Punches. 


309 8TH AVE. 
LAKE CITY, MINN. 


TT eae 
WROT WASHERS 
yr 


WASHERS 


.. - Competitively 


Priced 


Large volume production, the most advanced 
methods and facilities, plus more than 60 years 
of continuous experience in the manufacture of 
Washers, are factors that enable us to offer you 
top quality washers and stampings at competitive 


costs. Over 22,000 sets of dies 


for making 


Washers of every type (Standard and Special), 
from every type of material, for every purpose, 


in any finish. STAMPINGS of all 


descriptions ; 


Blanking, Forming, Drawing. Submit your blue- 
prints and quantity requirements for estimates. 


WROUGHT WASHER 


MANUFACTURING 


iar 


co. 


World's Largest Producer of Washers 


2200 S. BAY ST., MILWAUKEE 7, WIS. 
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Industries Corp., 164 Duane St., New 
York 138. 
Circle No. 40, Reader Inquiry Facility, page 183 


MERCURY CONTACT RELAY 
Hermetically sealed mercury contact 
plunger relay, Type Em-7, is three pole 
unit employing one coil. Tungsten con- 
tacts are sealed in hydrogen-filled glass 


tubes. Three standard Type EMT tubes 
are used in one coil structure. Maximum 
ratings are 35 amp at 115 volts a-c, or 
25 amp at 220 volts a-c. Relays can be 
supplied with all three contacts normally 
open or normally closed, or with any 
combination of normally open and _nor- 
mally closed. Because of hermetic struc- 
ture and mercury-to-mercury contact, test 
relays have withstood over 10,000,000 
operations without failure. Dimensions 
are 4144,x5%x3 in. Ebert Electronics 

185-09 Jamaica Ave., Hollis 7, 
i, me. TF, 
Circl Reader Inquiry Facility, page 183. 


MECHANICAL DIFFERENTIAL 
Single-spider mechanical differential 
is addition to line of computing mech- 
anisms. Having only single-gear spider 
rather than conventional two gears, differ- 


ential is designed to meet accuracy re- 
quirements of advanced analog com- 
puters and special close-control instru- 
mentation. Curved-tooth bevel gears 
with zero-degree spiral angle are used. 
Gears combine smooth motion of spiral 
gears with equal friction in either direc- 
tion. Precautions are taken to keep 
backlash at minimum. Units employ 
largest pitch-diameter gears compatible 
with minimum overall dimensions. Thus 
lost motion in the shaft is guaranteed 
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With her new hearing aid, Grandma 
Crane was really enjoying life. My it 
was nice to hear clearly again . . . like 
now, talking to her grandson at camp. 
Then—silence—the hearing aid was 
dead! Nothing to do but go back to the 
office where she bought it. The tech- 
nician will be in for a hard time—es- 
pecially when Grandma Crane finds 
out that the trouble was just a bit of 
electrical insulation that failed. 


That manufacturer saved a few pennies 
in costs—and lost dollars in good will. 


Te failure of electrical insulation in 
your product is a serious matter—for 
your customer and for you. 


Leading electrical equipment and 
appliance manufacturers use BH “649’’t 
Fiberglas Sleeving and Tubing to 
minimize the possibility of insulation 
breakdown. 


Here is a superior, high voltage, 
Fiberglas insulation available in three 
grades — A-1, B-1 and C-1.. . tough, 
abrasion resistant and permanently 


H 
ar 













VM 


*BH Non-Fraying Fiberglas Sleevings are made by an exclusive Bentley, Harris process (U.S. Pat No. 2393530). ‘‘Fiberglas” is Reg. TM of Owens-Corning Fiberglas Corp 


. « - losing friends and antagonizing people” 


flexible. It is non-fogging and non-cor- 
rosive with unusual chemical resistance, 
except for Ketones, Esters and Aro- 
matic Hydrocarbons. It will not 
crystallize at -67°F. BH “649” won't 
crack, peel, fray or split. It will take 
plenty of abuse without loss of these 
physical properties, or its dielectric 
strength even after the following tests 
; 15 minutes at 425°-450°F; 24 
hours at 302°F; 1500 hours at 220°- 
230° F. 


BH “649” is one of a family of BH 
insulations, each designed to meet par- 
ticular conditions in service. Whether 
your problem is heat, cold, flexibility, 
abrasion, high voltage or resistance to 
chemicals, there is a BH insulation to 
help you. Give us a few facts about 
your requirements — products, tempera- 
tures, voltages. We will furnish samples 
for testing. Address Dept. M-8. 
tPatent Pending 
Bentley, Harris Manufacturing Co. 

Conshohocken, Pa. 





1 
als 
“7 





GS 


171 


Saved...Bya Dow Corning Silicone 


The pelt of many a mechani- 
cal rabbit has been saved by 
rewinding the motors that 
drive them with Dow Corn- 
ing Silicone (Class H) elec- 
trical insulation. That’s a 
modern Aesop's fable* un- 
covered by our Atlanta office. 

Here’s the moral. When 
your private or corporate life 
depends upon continuous 
operation, specify Dow 
Corning Silicone insulated 
mcotors, generators, trans- 
formers or solenoids. The 
more it costs you to permit a 
motor to fail, the more im- 


perative it is to prolong the 
life and to increase the relia- 
bility of that motor with Class 
H insulation made with Dow 
Corning Silicones. 

For about twice the cost, 
you get ten times the life; for 
a few hundred dollars, you 
save several thousand dol- 
lars in lost production, man 
hours of labor, maintenance 
costs and repair bills. 

Write today for more in- 
formation on how you can 
keep ahead of the pack with 
Dow Corning Silicone (Class 
H) Insulation. 


This fable can be and has been acted upon to 
save the less expendable hides of some of the 
most able electrical maintenance engineers. 


DOW CORNING CORPORATION, MIDLAND, MICHIGAN 


Please send me more information including list of Class H 
motor shops and Class H motor manufacturers. 


Name Title 
Compeny——____—_ nei pasate 


Street_— 


State— 


DILL 
) CORPORATION 


AE-8 


not to exceed 5 min of arc on the % 
and %g in. models, and 7 min of arc 
on %g@ in. model. “Breakaway” torque 
is as low as Yoo oz-in. Static friction 
under load is less than 5 per cent. Ford 
Instrument Co., Div., The Sperry Corp,, 
31-10 Thompson Avenue, L. I. C., N. Y, 
Circle No. 42, Reader Inquiry Facility, page 183, 


ELECTRIC RANGE TIMER 


Timer with single dial provides for set- 
tings of %-min intervals from 0 to 15 
min and of 5-min intervals from 15 to 85 
min. Intended for cooking ranges. Con- 


tinuous buzzer signal sounds until shut 
off manually. Timer is interchangeable 
with all present mechanical and elec- 
trical timers for this application. Ac- 
curacy is +8 sec up to 15-min settings; 
+15 sec for longer settings. Fiming mo- 
tor is self-starting synchronous type, fully 
enclosed and permanently lubricated. 
Available for 110-125 volt and 220-250 
volt, 60-50 cps operation. Standard dial 
knob is 2%4-in. diam. Timer overall di- 
mensions are 34%4 x 3°40 x 1254 in. Pro- 
vision is made for two-screw or center- 
post mounting. Standard leads are 5 in. 
long. International Register Co., 2614 W. 
Washington Blvd., Chicago 12. 

Circle No. 43, Reader Inquiry Facility, page 183 


MECHANICAL SEAL 
Type 9 mechanical shaft seal can be 
employed at temperatures up to 500 F 
and under corrosive conditions. Seal in- 
corporates a flexible ring molded from 


Teflon plastic. “Wedge-ring” combines 
chemically-inert properties of Teflon with 
flexibility required for seal. Type 9 is 
designed for various rotating shaft appli- 
cations. Construction is shown in draw- 


MICHIGAN: 


ing. Metal retainer, 7, provides drive 
from shaft to carbon sealing washer, 2, 
through dents, 4, which fit into washer 
notches. Seal between shaft and washer 
is made by Teflon wedge ring, 3, which 


ATLANTA e CHICAGO e CLEVELAND e DALLAS « LOS ANGELES © NEW YORK 
WASHINGTON, D.C. ¢ In CANADA: Fiberglas Canada Ltd., Toronto ¢ In GREAT BRITAIN: 
Midland Silicones Ltd., London. 
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ol LITE Finished Machine Parts 


give you these important advantages: 


® Quick delivery 
® No tooling program 
® Low price 
® Release of skilled manpower 


® Conservation of strategic materials 


ALTERNATE MATERIAL and fixtures, skilled manpower, 
Oilite gives you a dependable 2nd time. 
alternate for bronze, brass, alumi- UNDUPLICATED EXPERIENCE 


num, cast iron, steel, and plastics. Oilite engineers pioneered iron 

powder metallurgy; their experi- 
MACHINING ELIMINATED ence of more than twenty years, 
Oilite processes help you elimi- and Oilite’s broad facilities are at 
nate as many as twenty-four your disposal. 


machining operations. OILITE FERROUS-BASE BEARINGS 


SIMPLE TOOLING Heavy duty, oil-cushion, self-lubricating. 
Oilite products require little tool- Excellent for replacing your non- 
ing; saving you floor space, jigs ferrous units of solid material. 






Oilite representatives and field engi- 
neers are located throughout the U. S. 
and Canada. You are invited to contact 
the field engineer in your district or write 
the home office. 


AM PLEX MANUFACTURING COMPANY 







er 

* a Se oh OA on aed A 
DETROIT 31, MICHIGAN 

IG Besides Field Engineers, Supply Depots, too, are maintained 


in Principal U. S$. and Canadian Cities. 
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Some facts about 
Oilite Products 








Essentially, Oilite metal powder 
products constitute a new series 
of metals—each formulated to do 
a specific job. When used as re- 
placements for tin, aluminum, 
copper, and other strategic mate- 
rials, they often become perma- 
nent replacements. 

For example, on any unit where 
motion occurs, Oilite provides the 
otherwise unobtainable feature of 
self-lubrication. 

As with any other new material, 
habitual specifications should 
often be reviewed when consider- 
ing Oilite finished machine parts. 








Toillustrate, designers using cold 
rolled steel, may automatically 
apply the strength specifications 
of that material. The engineer, 
however, knows that strength as 
low as 40% of steel is satisfactory. 











Another advantage of Oilite is 
its broad range of physical prop- 
erties. Thus, when high stresses 














exist, Oilite engineers specify the 
correct material necessary to 
meet the requirements. 

When production, including 
mass quantities, must be reached 
in record time, Oilite bearings 






and finished machine parts may 











provide you with an excellent 
reservoir. 















President 









OQELITE 


PRODUCTS 





OILITE PRODUCTS: 


Heavy duty, oil-cushioned, self-lu- 
bricating bearings and finished ma- 
alist ol - let Mt Mi -teeed Lal a 
rous metals and alloys. Permanent 
filters. Fiction units. Self-lubricat- 
ing cored and bar stock 


is pre-loaded by multiple springs, 6. 
Spring pressure is distributed by metal 
disk, 5. Face of rotating washer, 2, 
mates against face of stationary seat, 1, 
to provide seal. Crane Packing Co., 1824 
Cuyler Ave., Chicago 13. 

Circle No. 44, Reader Inquiry Facility, page 183. 


Laboratory and 
Engineering 
Equipment 


To obtain additional information on items 
reviewed below, the Reader Inquiry Fa- 
cility with postpaid return cards is pro- 
vided on page 183, where titles and key 
numbers are repeated for convenience. 
Fill out card, circle numbers desired 
and mail. 


TEST OSCILLOSCOPE 
Series ES-500A 5-in. oscilloscope is 
designed for adjustment and alignment 
requirements. Push-pull vertical amplifier 
has response beyond 1 mc, 2-megohm 


eee TT Le eT Lt ed) tt dT Oh ee >) hth 


FASTER SET-UP... HIGHER OUTPUT 
on Bullard Horizontal Boring Machines 


with Star-Kimble Brakemotors 


O--:: its new 4-Way Bed Horizontal Boring, Milling and Drilling 
ine, The Bullard Company, Bridgeport, Conn., naturally was on the 
lookout for ways of increasing the machine’s output and cutting down its 
Operating cost. 


Setting-up of the machine—and production runs, too, in many instances— 
called for frequent starts-and-stops. Conventional methods of stopping the 
machine, by plugging the motor, held the start-stop cycle down to 6 a 
minute—heater elements in the motor starter kicked out at that point— 
production was stalled while the elements cooled. 


Then . . . Bullard switched to Star-Kimble Brakemotors to handle the job. 
Result: as many as 30 starts-and-stops a minute are now possible without 
affecting the heater elements in the control. 


How is this possible? Because ... in this application, as in thousands 
of others . . . the Jarge disc area of a Star-Kimble Brakemotor assures fast 
stopping ... the small air gap assures quick brake release for fast starting. 


Like all Star-Kimble Brakemotors, the totally-enclosed, fan-cooled ones 
installed on these Bullard machine tools are integral, space-saving units 
consisting of motor and brake built together to work together . . . designed 
for their specific job by the pioneer makers of disc brakemotors . . . backed 
by more than 25 years’ application experience. 


For full information on construction and 
ratings, write for free Bulletin B-501-A. 


-KIMBLE 


MOTOR DIVISION OF 


EHLE PRINTING PRESS AND MFG. CO. 
206 Bloomfield Ave. Bloomfield, New Jersey 


input resistance, approximately 20-mmf 
input capacitance, better than 20 mv 
per in. sensitivity. Frequency-compen- 
sated wide-band V-input attenuator steps 
are X1, X10, X100. Push-pull horizontal 
amplifier has response beyond 1 mc, %- 
megohm input resistance, approximately 
20 mmf input capacitance. Multivibrator 
internal linear sweep covers 10 cps to 
30 ke. Vertical phase-reversing switch 
permits test-pattern inversion. Panel is 
etched anodized aluminum. Overall di- 
mensions are 8% x 14% x 18 in. Precision 
Apparatus Co., Inc., 92-27 Horace Hard- 
ing Blvd., Elmhurst, L. I., N. Y. 

ircle No. 45, Reader Inquiry Facility, page 183. 


SYNCHRONOUS STROBOSCOPE 


Portable flashlight-type stroboscope 
capable of indicating synchronous speeds 
has 1%-in. diam, 5-in. length and weighs 
less than 5 oz. Called Synchroscope, it 
operates with simple button switch, giv- 
ing light source for instant reading—no 
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AN approved (3303-1) 


—FOR AUTOMOTIVE, 
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ELECTRONIC AND 
COMMUNICATION RELAYS 


sericea of thousands of R-B-M 
telephone type relays saw Govern- 
ment service in World War II. Now most 
of these relays are available in hermet- 
ically sealed enclosures designed to meet 
AN specifications. 

R-B-M hermetically sealed telephone 
type relays are available in contact forms 
up to and including 4-pole, double throw, 
3 ampere, 28 Volts D. C. construction. 
Also 10 ampere rating up to and includ- 
ing 2-pole double throw at 28 Volts D.C. 
All relays available with approved AN 
plug connector, or with solder connections. 
Engineers! What is YOUR hermetically 
sealed relay requirement? R-B-M is developing 
new and smaller relays to meet Armed Services 
requirements. Perhaps one of these will solve 
your problems. Write giving complete relay 
specifications, application, quantity and AN 
specifications applying. Address Dept. A-8. . 


R-B-M Production and Engi- 
neering facilities in two plants, 
located in different states, (over 
a quarter million square feet), 
can assist you in the develop- 
ment and production of special 
electro-magnetic devices for 
Armed Services application. 


R-B-M DIVISION 
ESSEX WIRE CORP. 


Logansport, Indiana 


MANUAL AND MAGNETIC 
INDUSTRIAL, 


ELECTRIC CONTROLS 
COMMUNICATION AND ELECTRONIC USE 


warm-up required. Unit utilizes an elec- 
tronic cold-cathode triode tube which 
rectifies line voltage and gives off light 
pulse during positive portion of each 
a-c cycle. Visual pulses stroboscopically 


stop motion of any motor or other device 
operating in synchronism with line fre- 
quency. Line cord and plug included. 
Synchroscope Co., 57 William St., New 
York 5. 


Circle No. 46, Reader Inquiry Facility, page 183 


FREQUENCY STANDARD 

2005 is suitable for running 
gyros, small motors, controlling inverters, 
stroboscopes, etc. Input power measures 


Type 


45 watts at 110 volts from 50 to 500- 
cps supply. Output power is 10 watts at 
115 volts at any one specified frequency 
from 45 to 500 cps. Frequency has 
+ 0.001 per cent accuracy in room tem- 
perature range. Accuracy over wide 
temperature ranges furnished upon sub- 
mission of specific requirements. Dimen- 
sions are 8x8x7% in.; weight, 14 lb. 
net. American Time Products, Inc., 580 
5th Ave., New York 19. 

Circle No. 47, Reader Inquiry Facility, page 183 


REGULATED SUPPLY 
Model 300 has four outputs: one of 
250 to 320 volts d-c, 0-300 ma, regulated, 
not common to other outputs; two of 
105 or 150 volts, 0-30 ma, regulated, 


with common positive connection; one 
of 6.3 volts a-c, center-tapped, 0-6 amp 
unregulated. Input is 105-125 volts, 60 
cps, 500 watts. Regulation for output 
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Plastics 
























@ Plastics and plastic-metal 
combinations are opening 
new fields in design as 


illustrated ay these few of | 
| many assemblies made by : 
f Auto-Lite. Here under one 


roof at Auto-Lite’s great Bay Manu- 
facturing Division in Bay City are 
the technical skills and production 
capacity for a new art rendered 
in plastics. The artistic skill of 
Auto-Lite’s Art and Style Division is 
available on matters of design and 
development. Address inquiries to: 


THE ELECTRIC AUTO-LITE COMPANY 


Bay Manufacturing Division 
723 New Center Bldg., Detroit 2, Mich. * Bay City, Mich. 


TUNE IN “SUSPENSE!”...CBS TELEVIS'ON TUESDA\S 


30 PLASTICS ¢ WIRE & CABLE e DIE CASTINGS » INDUSTRI 
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Kenyon 


QUALITY 
TRANSFORMERS 


for all 


ARMY -NAVY 
SPECIFICATIONS 


Whether your transformer re- 
quirements are special or stand- 
ard—look to Kenyon for qual- 


ity units to meet your specific 
needs. 


Kenyon transformers are pre- 
mium-built for long, durable 
service. More than 25 years as 
a first line manufacturer is our 
warranty of satisfaction. 


use KENYON TRANSFORMERS 
for 


Radar 
Broadcast 
JAN Applications 
Atomic Energy ‘Equipment 
Special Machinery 
Automatic Controls 
Experimental Work 


for details 
contact Kenyon today 


Kenyon. 


Transformer Co., Inc. 


840 Barry St. New York 59, N.Y. 
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No. 1 measures better than 0.07 per 
cent with load variation better than 0.02 
per cent with line variation. Ripple is 
less than 5 mv rms for all d-c out- 
puts. Source impedance for output No. | 
is less than 1 ohm from 0 to 40 ke, 
rising to 3 ohms at 100 kc. Long-time 
drift from cold start is less than 0.5 per 
cent, mostly during first hour. Size is 
19 x 8% x 13% in. Standard relay rack 
mounting or bench cabinet are available. 
Pedersen Electronics, Lafayette, Calif. 

Circle No. 48, Reader Inquiry Facility, page 183. 


Literature 
forthe Asking 


To obtain copies of these publications 
circle item number on postcard in Reader 
Inquiry Facility, page 183. 


SELF-TAPPING SCREWS—Assembly 
handbook No. 480 of 24 pages explains 
self-tapping screw selection and ap- 
plication, recommended hole sizes and 
corresponding drill size numbers. Screws 
listed are suited for sheet metal, wood, 
castings, plastics, asbestos compositions, 
etc. Parker-Kalon Corp. 

Circle No. 49, Reader Inquiry Facility, page 183 
VOLTAGE REGULATORS — Bulletin 
S 351 contains 12 pages discussing line 
of automatic voltage regulators, includ- 
ing electronic and_ electromechanical 
types. Working principles and _ ratings 
are given. Superior Electric Co 


r 


Circle No. 50, Reader Inquiry Facility, page 183. 


PERMANENT MAGNETS—Bulletin 151, 
twenty pages, reviews new developments 
in design and application of permanent 
magnets in machinery and_ electronic 
equipment. Text, charts and formulas 
cover physical and magnetic properties 
of magnet materials, types of magnets, 
design problems, comparative alloy 
qualities, manufacturing and _ testing 
methods. Thomas & Skinner Products 
Co. . 

e No. 51, Reader Inquiry Facility, page 183. 
TUBE SOCKETS—Catalog sheet So 428 
covers Chemelec 7-pin miniature tube 
sockets made of Teflon. Uses and physical 
and electrical properties of sockets are 
specified, in addition to suitability for 
RTMA and JAN requirements. United 
States Gasket Co. 


c 


Circle No. 52, Reader Inquiry Facility, page 183. 


BERYLLIUM COPPER — Eight-page 
8%x11_ booklet, “Beryllium Copper 
Design Facts,” gives basic design data 
for beryllium copper spring stampings. 
Contents include typical applications, 
chemical composition, special alloys, 
standard specifications, physical prop- 
erties, temper designations, temper se- 
lection, formability, accuracy of shape, 
stock tolerance and slitting tolerances, 


VSITIVE 


é LECTRONIC 


RELAY 


IMMEDIATE 
DELIVERY 


FEATURES 


SENSITIVE — Relay action initi- 
ated by external contact as 
high as ONE HALF MEGOHM 
with current as low as 1/10000 
ampere. 


LOW COST — Electronic sensi- 
tivity and features at a cost 
comparable to ordinary relays. 


SMALL SIZE — Mounts on a 
standard 4 inch electrical con- 
nector box. 


DEPENDABLE — Simplified cir- 
cuit plus silver relay contacts 
assures long service life. 


ECONOMICAL — No tube fila- 
ments to consume power during 
“OFF” cycle. 


VERSATILE — High contact pres- 
sure on silver contacts allows 
conservative rating of four (4) 
omperes, with a choice of either 
opening or closing a circuit, or 
to simultaneously open one and 
close another. 


AUTOMATIC HOLD CIRCUIT — 
Connecting terminals provide a 
choice of conventional relay ac- 
tion, or allow a momentary 
contact to energize relay and 
cause it to automatically remain 
energized until manually reset 
by ‘Reset’ switch. 


APPLICATIONS 


LIQUID LEVEL CONTROLS 
SAFETY ALARMS 

STOP MOTIONS 

DROP WIRE DETECTION 


fiesigy 2 


products 


4 Godwin Ave Paterson, N J 
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There is almost no limit to the number of ways 

Western Felts are serving today. Technical design 

and production specialists for decades have been 

in close cooperation with manufacturers of prod- 

ucts employing felts for such purposes as absorb- 

ing vibration, retaining lubricants, excluding 4 

dust and grit, filtering gases and liquids, con- alae ala 

trolling temperatures and sound, firming and aT 

lining apparel, covering furniture, clothing peo- 

ple; for padding, packing, sealing, grinding, 

polishing, etc. It can be made waterproof and a8 3 

fungus-proof and flame resistant. It will pay you ~ gianna mete 
gus-p esistant. It payy 

to place your felt requirements in the experienced hl ohh ch lh 

hands of Western Felt. Its counsel and products 

will prove profitable. In whatever way you use 


it, Western Felt will add materially to improving 
your product. Insist upon WESTERN FELTS! abt 


Sheets « Channel « Filters 


Washers « Grommets 


4035-4117 
Ogden Avenue 


Chicago 23, Illinois WORKS 
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This new G-E Ozone 
Lamp emits ultraviolet 
energy that creates 
ozone. Ozone chemi- 

cally destroys or masks 
many disagreeable odors 
and substitutes the fresh 
smell of outdoors. 


























































Extra Sales 
for Your Product 














The tiny 4-watt size makes it easy to 
design into your product—adding to 
its value and appeal. 

















Among its useful applications are: 








Public Rest Rooms 
Kitchens and Bathrooms 


Air Conditioners 
Beverage Vendors 


As the Ozone Lamp has a mild germicidal effect, it may be used in 
small sanitary storage cabinets. 


Clothes Dryers 
Refrigerators 





























To use the ozone lamp a ballast is required. For complete informa- 
tion on this amazing new lamp, write or phone your nearest General 
Electric Lamp office. 




















You can put your confidence in— 
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NEW 6-E LAMP 


Objection ahle 
Odors! 


GENERAL @@ ELECTRIC 


design stresses, corrosion resistance, pick- 
ling, plating, joining. Lee Mechanical 
Laboratories. 

Circle No. 53, Reader Inquiry Facility, page 183 


AIRCRAFT HYDRAULIC’ EQUIP. 
MENT — Bulletin A-5200 contains 4 
pages listing and specifying hydraulic 
pumps, control valves, accumulators, 
hydraulic motors, transmissions for air- 
craft application. Vickers Inc. 

Circle No. 54, Reader Inquiry Facility, page 183 


MOTORS—Four-page folder G51-1 cata- 
logs . single-phase, polyphase and d-c 
motors. Included are specifications on 
induction motors—repulsion-start, repul- 
sion, capacitor-start, split-phase and 
shaded-pole type; polyphase fractional 
and integral-hp units, with squirrel-cage 
and wound rotors. Wagner Electric 
Corp. 

Circle No. 55, Reader Inquiry Facility, page 183 


CLASS H INSULATION—Eleven-page 
bulletin gives information on insulation 
for operating temperatures of 175 C or 
more, including Silicone-varnished Fiber- 
glas; Silicone glass mica; Silicone-satur- 
ated and coated asbestos; Silicone-rub- 
ber-coated Fiberglas and Silastic tape. 


Irvington Varnish & Insulation Co. 
rcle No. 56, Reader Inquiry Facility, page 183 





CHEMICAL RESEARCH—Thirty-page 
booklet “This is du Pont—Story of Re- 
search,” profusely illustrated, tells of 
human and_= material resources for 
scientific an and of some of the re- 


sults. E. I. du Pont de Nemours & Co. 
Circle No. 57, Reader Inquiry Facility, page 





ELECTRIC COUNTERS—Catalog sec- 
tion 55 contains four pages listing two 
models of electric counters and associated 
components, including actuators, con- 
tactors, photo-electric controls. Dimen- 
sions and ratings are given, along with 
applications. Durant Manufacturing Co. 
Circle No. 58, Reader Inquiry Facility, page 183 


PACKAGING ADHESIVES—F our-page 
brochure Z-EPF tells of adhesives meet- 
ing government specifications for export 
packaging. Adhesives meet JAN-P-101, 
JAN-P-140 or AXS-1472. Description of 
material and application method are in- 
cluded. Minnesota Mining & Manufac- 
turing Co. 

rcle No. 59, Reader inquiry Facility, page 183 


CARBON BRUSHES—Booklet GEA- 
5597 contains 28 pages describing and 
illustrating design, application and manu- 
facture of carbon brushes. Section titles 
are brush types, characteristics, brush 
grade recommendations, mechanical de- 
sign, brush terminology. General Electric 
Co. 

Circle No. 60, Reader Inquiry Facility, page 183. 


ELECTRICAL PRODUCTS—Booklet 
of 26 pages describes products and de- 
velopmental and production facilities. 


DeJUR-Amsco Corp. 
Circle No. 61, Reader Inquiry Facility, page 183: 


PACKAGING CORROSION — Bulletin 
3025, “Preventing Corrosion in Export 
Packaging,” in 18 pages lists goveri- 
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™ 30% more production will 
soon be available from Ameri- 
can Lava Corporation as new 
units rapidly near completion. 


™ Continuous expansion to 
meet customers’ requirements 
has made American Lava the 
world's largest producer of cus- 
tom made technical ceramics 
exclusively. 


™ Average daily production 
approximates four million parts 
and is rapidly increasing. 


™ This expansion program is 
an all ouf effort to supply you 
with custom made technical ce- 
ramics in the quality and quantity 
you need—when you need them, 


®@ What is your MOST RELIABLE source 
for custom made technical ceramics? 
American Lava Corporation has an en- 
viable reputation for delivery accord- 
ing to specifications—and for ability 
to produce ceramics of a type and 
quality which are frequently consid- 
ered “impossible.” 

@ New production facilities are speed- 
ing deliveries. The experience gained 


TRADE MARK REG US PAT OFF 


This building, photographed in May 1951, 
will be completed about the time this picture 
is published. Other units will speedily follow. 


in half a century of specialization is 
available to you on request. You are 
most apt to find at American Lava 
Corporation the solution to any prob- 
lem involving technical ceramics. 

@ Equipment shown in this mock up is 
under construction. Carefully selected 
personnel has been added to the pres- 
ent skilled staff to provide experienced 
operators for all plants. 


AMERICAN LAVA CORPORATION 


CHATTANOOGA 5, TENNESSEE 
S5OTH YEAR OF CERAMIC LEADERSHIP 


OFFICES: METROPOLITAN AREA: 671 Broad St., Newark, N. J., Mitchell 2-8159 * CH 


O, 228 North LaSalle St., Central 6-1721 
232 South Hill St., Mutual 9076 
1123 Washington Ave., Garfield 4959 


PHILADELPHIA, 1649 North Broad St., Stevenson 4-2823 + LOS ANG 
NEW ENGLAND, 38-B Brattle St., Cambridge, Mass., Kirkland 7-4498 © ST. 





el 


We can—whether you need a few parts 
or more than a few million. Design? 
Tooling? We’ll take care of it, along with 
any other problems that come up in 
producing Alkyd or other thermosetting 
plastic parts. If you need parts with the 
excellent characteristics of Plaskon Alkyd, 
one of our engineers will be glad to 

talk facts and figures with you. Just 
write, wire, or phone. Or let us know 
when you'd like to have our plane and 


pilot whisk you to our plant to discuss 
your parts problems. No obligation, 


naturally. 


@ 


when you look for 
plastic moldings, 


look first to... 


plastic research products, urbana, ohio 


ment specifications for corrosion pre- 
ventives, discusses cleaning methods and 
selection and application of a line of rust 
preventive products, including coating, 
conforming wrap, dip sealing compound, 
case liner and carton wrapper. Dear- 
born Chemical Co, 

rcle No. 62, Reader Inquiry Facility, page 183. 


FLAME SAFEGUARD—Catalog 9601 of 
32 pages describes safeguard against 
flame failure for use with gas or oil heat- 
ing units. Operation principle, types of 
systems and schematic wiring diagrams 


| are presented, along with explanations of 
| typical cutoff and relight systms, and 


charts of components used. Minneapolis- 
Honeywell Regulator Co. 
Circle No. 63, Reader Inquiry Facility, page 183 


PLASTICS MOLDING — Booklet lists 


| products, facilities and capacity for plas- 
| tic molding, tool and die making, finish- 


ing and engineering. Molded Products 
Corp. 


Circle No. 64, Reader Inquiry Facility, page 183. 


USE OF GLASS—Bulletin B-88, of 


| eight pages, tells how glass may be used 


in design of electrical products. Typical 


| applications are illustrated and discuss- 


ed. Physical and electrical properties on 
line of glass are tabulated and graphed. 
Corning Glass Works. 

Circle No. 65, Reader Inquiry Facility, page 183. 


INSTRUMENT BALL BEARINGS — 
Twenty-page catalog notes typical ap- 
plications for instrument ball bearings, 
tells of materials and tolerances used, as- 
sembly practice and lubrication, and 
lists dimensions, load ratings, tolerances 
and mounting data. The Fafnir Bearing 
Co. 


circle No. 66, Reader Inquiry Facility, page 183 


BENDER-CUTTER—Leaflet describes 
benders for fabricating bus _ bars, 
brackets, fixtures, etc; flat knife shears; 
and bender-cutters, either hand or air- 
operated, for fabricating parts and cutting 
flat wire and strip material composed of 
brass, bronze, steel, alumnium, etc. J. A. 
Richards Co. 

ircle No. 67, Reader Inquiry Facility, page 183. 


SENSITIVE RELAYS — Sixteen-page 
catalog 51-3 lists six series of relays, giv- 
ing applications, dimensioned outline 
drawings, pictures, electrical ratings and 
connections. Relevant electrical stand- 
ards and descriptive terms are defined. 
Sigma Instruments, Inc. 

Circle No. 68, Reader Inquiry Facility, page 183. 


VIBRATION-TESTERS—Six-page folder 
discusses eight vibration-fatigue testing 
machines, listing load, frequency, dis- 
placement, dimensions, etc. With full 
loads from 10 to 100 lb, units have 


10-g ratings. All American Tool Mfg. Co. 
Circle No. 69, Reader Inquiry Facility, page 183. 


SOLDER—Booklet of 36 pages devoted 
to mechanical and thermal properties ©} 
solder, fluxes, solder selection, fusible 
alloys, practical applications, description 
of a line of solders and ASTM, and gov- 


(Continued on page 188) 


ELECTRICAL MANUFACTURING 













mounted 
Hypress 


a Fi RHR Er Ec rpnE Nee Hamre on wate Ceaet Jai: Sl al 


Portable 
Polypress 





2 to increase production, reduce manufacturing 
: costs, and improve product performance. 
d The Hydent connecting method — terminals of 
j seamless, tin-plated copper tubing longitudinally 
indented to an automatically-controlled depth — 
a is adaptable to any assembly operation at the 
. bench or on the job. Let Burndy engineers study your 


ve product, your problem, and help you select the 

a best method to assure higher-rate, lower-unit-cost, 

| uniform connections, even with unskilled personnel. 
: 

NEW YORK 54, N. Y. 

. Burndy Canada Lid., Toronto 8, Ont. 


Western Branch: Vernon 58, Calif. 
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' [) Burndy engineer to help analyze our 


















BURNDY, New York 54, N. Y. 


With no cost or obligation on our pot, pase sed: 
[] New, complete Hydent Catalog 
{_] Samples of Hydent connectors 
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and problems with a1 
eye to more efficient, economical terminal installation. 
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CUSTOM-BUILT 
TRANSFORMERS 


Since 1927, Raytheon has 
been a leading producer of 
custom-built magnetic com- 
ponents for military and 
commercial applications. 
Typical units include: single 
or polyphase power trans- 
formers, pulse transformers, 
blocking oscillators, servo 
transformers, chokes, audio 
components, filters, satu- 
rable magnetic components, 
etc. Cased or open types to 
meet the most exacting MIL 
specifications as well as 
Underwriters’ Laboratories 
and R.M.A. requirements. 


tee eee 




























special needs. 


RAYTHEON MANUFACTURING COMPANY 


Designs available in ratings from 5 to 
10,000 watts. A wide range of catalog 
types, or custom-engineered to meet 


APPLICATIONS 





NEW, ULTRA COMPACT, Raytheon 
miniature audio type transformers with 
new patented, compression terminals. 
Designed for minimum space require- 
ment and assembly ease in communica- 
tions equipment. 







VOLTAGE 
STABILIZERS 


The first choice of manu- 
facturers of electrical equip- 
ment for more than two 
decades. Compact, rugged, 
light weight and with no 
moving parts, they can be 
built into equipment or used 
as an accessory. Compen- 
sates for widely varying in- 
put (+15%) within 1/20 
second; maintains voltage 
within +14% of rated out- 
put. Insures peak perform- 
ance of any AC operated 
electrical equipment. 


WRITE FOR COMPLETE INFORMATION 
Address Magnetic Components Division, Dept. 6460—EM 


Waltham 54, Massachusetts 







ernmental 


Circle No. 70, Reader Inquiry Facility, page 183. 


(Continued from page 182) 





specifications. Federated 
Metals Div., American Smelting and Re- 
fining Co. 








LATCHES, HINGES—Catalog of 24 
pages covers line of flush latches and 
hinges for aircraft, electrical, communi- 
cation, heating, air conditioning and 
household goods. Weight, dimensions and 
operation are listed. Pictures and discus- 
sion of many applications are given, 
along with orthographic views of latch 
and hinge assemblies. Hartwell Co. 
Circle No. 71, Reader Inquiry Facility, page 183. 

















DESIGN COMPUTORS—Manual of 24 
pages describes line of analog computors 
for research and design, covering origin, 
development, applications, component 
philosophy, operating procedures, oscillo- 
scope presentation techniques, choice of 
scale factors. Geo. A. Philbrick Re- 
searches, Inc. 

Circle No. 72, Reader 
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page 183. 










TEMPERATURE CONTROLS—Catalog 
18 contains 12 pages on mercury-actuated 
thermo-regulators and thermostats for 
operation from —35 to +350 F. Dimen- 
sions, temperature characteristics and 
electrical ratings are presented. Data is 
also given on associated relays and selec- 
tor switches. H-B Instrument Co. 

Circle No. 73, Reader Inquiry Facility, page 183. 






























ALUMINUM PRODUCTS—Booklet of 
46 pages reports on plants and facilities 
for aluminum production and _fabrica- 
tion. Story of aluminum is covered from 
mine to market, with subject headings 
including characteristics of extrusions; 
sheet and plate; wire, rod and bar; and 
cable. Company organization and _ prod- 
ucts are recorded. Revnelts Motel Co, 
Circle No. 74, Reader Inquiry Facility, page 183. 





PLASTICS PREFORMING—Catalog No. 
509 of 18 pages explains conditions 
under which preforming of plastics parts 
is necessary or desirable. Given are prop- 
erties of preforms; methods, punches and 
dies used; and specifications of preform 
presses. Charts show relationship — be- 
tween screen analysis and pill weight, 








between pressure and density of pheno- 
lics, etc. F. J. Stokes. M 
Circle No. 75, Reader Inquir 







achine Co. 


Facility 












SMALL LAMPS—Four-page brochure 
No. 520 lists small lanips rated from 1 
to 18 volts. Outline drawings give lamp 
dimensions; tables present bead _ color, 
current, candlepower and type of base. 
Hudson Lamp Co. 

Circle No. 76, Reader Inquiry Facility, page 183. 



















FINISHING CHECK LIST—Eight-page 
folder lists 45 questions which are de- 
signed to test the adequacy of a com- 
pany’s product finishing program. The 
Glidden Co. 

Circle No. 77, Reader Inquiry Facility, page 183. 







TRANSFORMERS—Catalog 5-51 _ lists 
441 transformers and related components. 
Units cover radio, TV and sound applica- 
tions and other electronic applications. 
Listings include electrical specifications, 
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FACILITIES AT 
FANSTEEL MEAN.... 


Ask for our booklet, 
“Fansteel Electrical Contacts 
— Engineering Information” 


AN INDUSTRY 
THAT SERVES 
INDUSTRIES 


AUGUST 1951 


.. FACILITY for YOU! 


UNEQUALED PRODUCTION FACILITIES — Nearly a third of a million 
square feet in the Fansteel plant are filled with modern, precision equip- 
ment for making electrical contacts. The high speed heading machine 
(above), one of a battery of 22, turns out 13,500 contact rivets per hour. 


4 At left is one minute’s production from this machine! 


Facilities at Fansteel mean more than a thoroughly modern big 
plant with equipment for tremendous production. It means the 
very highest employment of human skills. It means laboratory 
development and quality control which begins in the very ores of 
the metals from which contacts are made. It means long years of 
experience in metallurgy and all the engineering sciences. It means 
resources, and courage and willingness to use them. It means an 
open mind to new developments, and, above all, a friendly cooper- 
ative attitude toward the man with a problem. 


All this means facility—convenience—to users of electrical con- 
tacts. That is why more and more contact users find it practical, 
profitable and economical to turn the entire electrical contact 
question over to Fansteel, and to order Fansteel Electrical Con- 
tacts on an annual basis, Fansteel Metallurgical Corporation, 
North Chicago, Illinois, U.S. A. 


Kansteel 


ELECTRICAL CONTACTS 
AND ELECTRICAL CONTACT ASSEMBLIES 


12102 





VOICE ALONE SUPPLIES THE POWER for this mine communication system insulated with 


“SCOTCH” No. 33 Electrical Tape. Precision-built magnetic circuit converts sound to | 


electrical impulses. 


“Sound-powered’’ mine telephone 


now insulated with 


“‘Sound-powered”’ telephones that re- 
quire no plug-in to electric power meet 
rigid mining industry specifications for 
well insulated instruments—thanks to 
“SCOTCH” No. 33 Electrical Tape with 
plastic backing. 


U. S. Instrument Corp., manufactur- 
ers of the unit, reports: ““We have found 
that this tape gives us a neater wiring 
job in less time than the usual method 
of lacing with cord, and it affords better 
moisture protection for the wires.” 


You can save time and money on your 
specialized insulation problems with one 
of the many “SCOTCH” Electrical Tapes. 
Just write Minnesota Mining & Mfg. Co., 
Dept. EM851, St. Paul 6, Minn., for 
complete information. No obligation. 


plastic tape 


STATION BOX wiring is protected 
against shock, vibration, water and 
corrosive gases with “SCOTCH” 
No. 33 Electrical Tape. Compact 
unit transmits voice 30 miles or more 
with no external power source. 


SCOTCH 


BRAND 


Electrical Tape 


No. 33 


The term “SCOTCH” and the plaid design are registered trade marks for the more than 100 pressure- 
sensitive adhesive tapes made in U. S. A. by MINNESOTA MINING & MFG. CO., St. Paul 6, Minn., 
also makers of ‘“‘Scotch’’ Sound Recording Tape, “‘Underseal’”’ Rubberized Coating, ‘“‘Scotchlite’’ Reflec- 
tive Sheeting, ““Safety-Walk’’ Non-slip Surfacing, ““3M’’ Abrasives, ‘“3M’’ Adhesives. 

General Export: Minnesota Mining & Mfg. Co., International Division, 270 Park Avenue, New York 


17, N. Y. In Canada: 
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Canadian Minnesota Mining & Mfg. Co., Ltd., London, Canada. 


| double-acting cups, 








dimensions, weight and mounting type. 
Standard Transformer Corp. 
Circle No. 78, Reader Inquiry Facility, page 183. 


| PACKINGS—Booklet of 30 pages dis- 
| cusses synthetic rubber packings, gives 


dimensions of V-rings, U-cups, cup seals, 
flange seals and 
O-rings for hydraulic and pneumatic sys- 
tems. Other products mentioned are mold- 


| ed items, extruded shapes, sheet and 
_ rolled goods, 
| washers and silicone rubber. Felt speci- 
| fications are tabulated. Acadia Synthetic 


die-cut parts, lathe-cut 


Products. 
Circle No. 79, Reader Inquiry Facility, page 183. 


PLANT FACILITIES—Brochure of 22 
pages lists facilities for machining, punch- 
ing, stamping, plating and painting of 
steel, brass, copper, aluminum and plas- 
tics and for armature winding, field wind- 


ing and motor assembly. Dazey Corp. 
Circle No. 80, Reader Inquiry Facility, page 183. 


STEEL TUBING—Booklet of 18 pages 
contains reference tables on hardness 
conversion, decimal equivalents of B.W. 
gages and fractions of an inch, round- 
tube dimensions, size tolerances on 
tubing, square and rectangular-tubing 
sizes. Also included are text and illus- 
trations on company facilities, processes, 
products and _ product applications, 
Nikoh Tube Co. 

Circle No. 81, Reader Inquiry Facility, page 183 


CERAMIC CAPACITORS—Six sizes of 
small rectangular ceramic capacitors are 
dimensioned in 2-page bulletin No. 602. 
Capacitance values and working voltages 
of single and multiple units are speci- 
fied, along. with typical circuit applica- 
tions. Sprague Electric Co. 

Circle No. 82, Reader Inquiry Facility, page 183. 


PYROMETER WIRE—Chart measuring 
8%x5% shows applications and color 
codes—military, ISA and manufacturer’s 
—for pyrometer wire combinations. Also 
charted are conductor polarity, calibra- 
tion symbols and resistance for various 
types of thermocouple wire. Thermo 
Electric Co., Inc. 

Circle No. 83, Reader Inquiry Facility, page 183. 


VACUUM CALCULATOR—Slide rule 
permits quick computation of pump ca- 
pacity to evacuate given volume to speci- 
fied vacuum in given time, and time re- 
quired to reach specified vacuum in given 
volume when pump capacity is known. 
Vapor pressures of water, capacities of 
round tanks and boiling points of vari- 
ous solvents under pressure are charted. 


F. J. Stokes Machine Co. 
Circle No. 84, Reader Inquiry Facility, page 183. 


STEEL DESIGN—Booklet of 72 pages 
covers design, qualities and treatment of 
steel for fabrication. Methods are dis- 
cussed for avoiding stress concentrations. 
Factors involved in selecting steel are dis- 
cussed, in conjunction with tables and 
graphs defining various types of hard- 
nesses. Comparative data are given on 
steels which have had various treatments, 
including cold shearing, annealing, 
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Developed especially 
for application 
in aircraft controls— 


the Holtzer-Cabot 0810 
sub-miniature DC servo motor 





| 


Holtzer-Cabot’s RBDS-0810 sub-miniature DC servo 
motor was designed and engineered especially for service in 
highly sensitive aircraft controls and instruments. 

A typical application of this special motor is its use with 
the Avion Servo-dyne amplifier. The sub-miniature combina- 
tion of amplifier and motor reduces the size and weight of 
remote positioning systems in airborne computers and in- 

- struments indicating flight conditions. 

The model 0810 performs efficiently at altitudes ranging 
from sea level to 40,000 feet, in temperatures varying from 
-—65° F. to +160° F. and in relative humidity up to 100%. 


g ; ; eee oe 

> It is a 4-pole motor, measuring only 154" in diameter and 
5 

0 


Avion Servo-dyne amplifier 


2%" over bearing hubs and weighs but 814 ounces. 
Operating on a normal field current of 6 milliamperes, 
the motor’s armature is separately and continuously excited 











; from a DC source of 24.3 to 29.7 volts. The field assembly 
consists of two independent high impedance windings, and 
. this assembly is hermetically sealed. 
The RBDS-0810 motor provides practically noiseless, 

e variable-speed, reversible operation. It has a very low inertia 
c rotating element for fast response, and delivers a maximum 
. of 1/500 horsepower. 
| This achievement in small-motor efficiency is further evi- 
a. dence of Holtzer-Cabot’s ability to develop and produce fine 
Xf precision motors for exacting applications. 
i Specialized engineering skill combined with 75 years’ 
manufacturing experience enable Holtzer-Cabot to build 
3. motors to the most demanding specifications. 

For additional information write for Bulletin 0810. 
es 
: HOLTZER-CABOT 
\S- 
S. 
m DIVISION OF NATIONAL PNEUMATIC CO.. INC. 
0 
: BOSTON 19, MASSACHUSETTS 
- “Manufacturers of fine electrical apparatus since 1875 P 


AUGUST 1951 

























































coccccee ll PAYS TO 
SELECT INSTRUMENT- 
CONTROLLED RELAYS | 


from this Complate Line | 


25 standard Struthers-Dunn types match over 90% of 
all normal requirements in the exacting field of instrument- 
controlled relays. Moderately priced, they’ll prove doubly 
economical in your production because a type can be 
selected to match both your electrical and mechanical 
requirements exactly. 



























Available relays cover applications: 





where load voltage exceeds the rating of sensitive 
instrument contacts 





a where high load current may shorten instrument 
contact life 











or where 3-wire (HCL) instrument control must be 
translated into 2-wire ‘‘off’’ and ‘‘on” control. 
—“$ 


® \ < GET THIS HANDY GUIDE 





















Write for Data Bulletin 6100 for complete 
information on relays for 2-wire instru- 
ments including mercurial thermostats; 
and relays for 3-wire high or low-voltage 
instruments. 















































RELAY TYPES 














STRUTHERS-DUNN, INC., 150 N. 13th Street, Philadelphia 7, Pa. 


BALTIMORE @e BOSTON e BUFFALO e CHARLOTTE e CHICAGO e CINCINNATI 
CLEVELAND e@ DALLAS e DETROIT e KANSAS CITY e LOS ANGELES 
MINNEAPOLIS e@e MONTREAL @e NEW ORLEANS @ NEW YORK e PITTS- 
BURGH e ST. LOUIS e SAN FRANCISCO e SEATTLE e SYRACUSE e TORONTO 



























through hardening, carburizing, nitriding, 
and flame hardening. Climax Molybde- 
num Co. 

Circle No. 85, Reader Inquiry Facility, page 183, 


SPEED REDUCER—Bulletin A602B of 
12 pages describes four available sizes 
of single-reduction reducers for loads up 
to 27 hp and output speeds from 115 to 
330 rpm. Tables correlate load type, 
horsepower and output speed desired 
with size reducer required. Dimensions 
and recommended V-belt drives are tab- 


ulated. Dodge Manufacturing Corp. 
Circle No. 86, Reader Inquiry Facility, page 183 





TEMPERATURE CONVERSION — 
Reference chart in two colors on stiff 
plasticized board converts temperatures 
from —70 to +650, either C or F, into 
the alternative scale units. Reverse side 
lists major thermostats, applications, and 


performance characteristics. Steven 
Manufacturing Co., Inc. 
Circle No. 87, Reader Inquiry Facility, page 183 


AIRCRAFT GENERATOR CONTROL— 
Eight-page bulletin GEA-5628 deals 
with 28-volt aircraft generator control 
system which provides protection 
against overvoltage, ground fault, re- 
verse currents, undervoltage. Diagram 
and components are discussed. General 
Electric Co. 

Circle No. 88, Reader Inquiry Facility, page 183 








Feature Article 
REPRINTS 


Selected articles from each issue of 
ELECTRICAL MANUFACTURING are 
reprinted in complete form for convenient 
filing and to avoid mutilating copies of 
the issue. Any qualified reader may se- 
cure, without charge, single copies of any 
new or previously announced title still 
available. Use the Reader Inquiry Facil- 
ity on page 183 of this issue, or address 
a company letterhead request to: 








J. A. Campbell 
Director of Reader Service 
The Gage Publishing Company 
1250 Sixth Ave., New York 20 


Note that each reprint described below 
carries a key number which is repeated 
in the reprint subject list in the Reader 
Inquiry Facility. On one of the postpaid 
return cards, circle numbers for the re- 
prints wanted and mail. Quantities are 
limited, and when the initial supply for 
any title is distributed the item is with- 
drawn and no more requests can be filled. 


Four New Titles Announced 


One more feature article from the 
June issue and three articles from July 
are now reprinted and ready for distribu- 
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Here’s why... 


VARGLAS Tubing is now impregnated with G. E. PERMAFIL 


CORPORATION 


Makers of 
Electrical Insulating 
Tubing and Sleeving 


AUGUST 1951 


ts 
13 J 
cD: 
a 
\ 


9 
Here’s how... 
BETTER DIELECTRIC RETENTION 


+ « « 7,000 volts — and keeps its high dielectric value under toughest service 
conditions. 


BETTER FLEXIBILITY 


. « . twist it—tie it— bend it — wrap itl No crack —no peel —no dielectric loss. 


BETTER HEAT RESISTANCE 


. .. withstands more than 2,000 hours at 105° to 110° C — 1,000 hours at 125° 
C — extensive periods even at 150° C. 


AVAILABLE IN COILS 


. so that you can cut the length you need — no more, no less, no waste. 


Standard colors — wide range of sizes — meets or exceeds all A.S.T.M. 
specifications. 


CAN BE AFTER-TREATED Send for 


. in baking and varnishing operations. Reacts 7 R 7 7 
better than most oleoresinous materials and other 


synthetic coated tubings. Sam ple— 


2 1 ee Ge eee ani 


5 Tete 
VARFLEX Corporation, 309 Jay St., Rome, N.Y. 


Please send me full information as well as a free sample of your new 
Varglas Tubing impregnated with General Electric Permafil. | am particularly 
interested in samples suitable for... 
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tion. Requests for these new titles should 
be made promptly since the supply is 


SERVOSCOPE’ Tt 


Vacuum Tube Sockets for Industrial 
Equipment, July 1951, 8 p. Types 
available for low loss, reduced leak- 

velopment and PRODUCTION of age, resistance to vibration, humidity 

SERVOMECHANISMS and and repeated replacement; design sug- 


gestions in selecting sockets for com- 


PROCESS CONTROLS. Measures mercial and industrial uses. (112) 


FREQUENCY RESPONSE, PHASE Fhp Induction Motors Made in NEMA 
SHIFT 0.1 to 20 CYCLES SINE ar ny a July 1951, 8 p. An 
analysis of horsepower assignments 

WAVE, SQUARE WAVE, MOD- made by the sameiiediaada se frac- 
ULATED CARRIER, 50 to 800 tional-horsepower motors built to 
CYCLES NEMA frames 42, 48, 56 and 66, in 
. accordance with standard methods of 


rating; table lists manufacturers and 
SERVOBOARD construction details. (122) 


; ig Practical t i i 
A FLEXIBLE SET of PRECISION 5 e 4 Py ractical Approach to Color in Design, 


July 1951, 12 p. Why and how color 
mechanical parts for quickly is specified in design of business ma- 
chines, appliances, instruments and in- 
dustrial equipment; Armed Services 


tiometers to form assemblies of ‘ developments in functional use of 
color. (126) 


Corona Suppression Methods, June 1951, 
putors. 4 p. Basic mechanism of corona present 

in all high-voltage circuits, and three 
methods for preventing it. (131) 


Test analyzer for use in de- 


coupling motors, synchros, poten- 


Servo systems, regulators, com- 





SERVO CORPORATI ON Earlier Titles Available 
oO F A M E be | 7 A For many of the reprints announced 


earlier, the initial print run has been dis- 

DEPT. EM-8 NEW HYWE PARK, N.Y. tributed and no more copies can be 
supplied. Only those titles listed below 
are still available as this issue goes to 
press, and quantities in some instances 
are low. 


Oiltight Wiring Systems Are Possible, 
June 1951, 12 p. Problems involved in 
improvising with building construction 
materials to meet current standards for 
machinery wiring. (101) 


Fixed Capacitors for Electronic Circuits, 
May 1951, 8 p. Trends in develop- 
ment of improved capacitors, and de- 
sign factors in selection of the best 
type. (124) 


Protective Controls for Low-Voltage In- 
dustrial Motors, May 1951, 12 p. 
Functions of circuit breakers and cur- 
rent-limiting fuses in protecting motor 
branch-circuit and controller. (130) 


Thermal Insulating Materials, May 1951, 
12 p. Staff survey of standard and 

: experimental materials covering service 
ewe in snaPi® 147-1032 conditions, tolerances, effectiveness, 
faceted iewe ' cost and availability. (139) 


Electrolytic Corrosion Tests in Pressure- 
Sensitive Electrical Tapes, Apr. 1951, 
8 p. Several test methods are discussed 
but the “corrosion current” method is 


preferred. (140) 


Fixed Resistors for Electronic Applica- 
tions, Apr. 1951, 8 p. Space-saving, 
low-cost, stable resistor needed today 
is closely approached in research 
sponsored by Signal Corps. Character- 


JOHNSON istics of deposited-carbon, metal-film 
and borocarbon resistors. (105) 

E F. JOHNSON CO., WASECA, MINNESOTA | Military Specifications Controlling Plas- 
tics Dielectrics, Apr. 1951, 8 p. Speci- 
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Once more, RCA leads the field! This time, with 
new rectangular picture tubes which require no focusing 
coil or focusing magnet . . . thus effecting important 
Savings in critical materials. 


The currently used magnetic focus in TV sets 
requires coils and magnets containing the metals cobalt 
and copper .. . both on the Government's restricted list. 


To meet the shortages, RCA engineers have de- 
veloped improved electrostatic focusing for wide- 
deflection-angle TV tubes—eliminating need for a focus- 
ing magnet or coil. Result: The new RCA kinescopes— 
which not only make possible savings in critical 
materials, but introduce advantages that destine them 
to become industry’s most widely used picture tubes. 


Such advantages, for example, as: (a) An improved 
electron gun which provides excellent uniformity of 
focus over the entire picture area, and is so designed that 
the focusing electrode takes negligible current—permit- 
ting voltage for the electrode to be supplied easily and 
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economically; (b) Focus automatically maintained with 
variation in line voltage and adjustment of picture 
brightness; (c) Simplification of tube installation and 
adjustment for optimum performance. 


When RCA produced its outstanding Image Orthi- 
con, “eye” of the television camera, it called upon the 
superlative Driver-Harris radio alloy Nichrome* V to 
provide 95 % of the metal components of the tube. Now, 
in the case of the kinescopes, a Driver-Harris produced 
alloy fills a need. 


Here are typical examples of how Driver-Harris 
stands ready to serve all industry with alloys necessary 
for new or standard applications. 


During the present emergency, of course, strategic 
materials and the alloys made from them are on strict 
allocation. However, we shall be glad to make recom- 
mendations based upon your specific needs, and serve 
you to the best of our ability. 


Makers of world-famous Nichrome* and over 80 other clloys 


for the electronic, electrical and heot-treating fields 


Driver-Harris Company 
HARRISON, NEW JERSEY 


BRANCHES: Chicago, Detroit, Cleveland, los Angeles, San Francisco 





In Canada: The B. GREENING WIRE COMPANY, LTD., Hamilton, Ontario, Canada 
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*T.M. Reg. U.S. Pat. Off. 
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Here’s why those in the know 


_demand 


Quarter-turn rugged Acme thread 
for quick, easy disconnect. 


Removable insert barrel 
for bench wiring. 


Pin and socket contacts are 
precision-machined from solid bar stock, 
electroplated with silver or gold. 


Split shell makes wiring and 
inspection jobs easier. 


Recognition of Cannon’s 36 years of sound 
engineering and fine, uncompromising con- 
struction has built the demand for Cannon 
Plugs. Here we take an inside look at the 
lightweight Type “K” 90° connector, fore- 
runner of the Army-Navy Series. More fea- 
tures of the “K’”’ were incorporated into the 
“AN” design than any other connector. 
Constantly improved over the years, Type 
“K’” is now used for numerous applications 
such as aircraft, radio, television, sound, 
phone recorders, motion pictures, geophysi- 


CANNON 
ELECTRIC 


Since 1915 

Cannon Electric Company 
Los Angeles 31 

California 


Factories in Los Angeles, Toronto, New 
Haven. Representatives in principal 
cities. Address inquiries to Cannon 
Electric Company, Department F118 
P. O. Box 75, Lincoln Heights Station, 
Los Angeles 31, California 


CANNON 


Full-floating socket 
contacts relieve 
strain on contacts, 
provide smoother 
operation. 


cal research and widely used throughout the 
electro-mechanical and electronic instrument 
fields. 

The design and construction details in the 
Cannon “K” Series are typical of the care 
Cannon takes in producing more than 18,000 
precision, multi-contact connectors to serve 
the exacting needs of industry. 

We will gladly send you engineering bul- 
letins describing each of the many basic 
types of Cannon Plugs if you will briefly 
describe your applications. 


Diagram at left shows how the four positions of 
cable entry on the large 90° ‘‘K’’ endbell make 
the wiring job easier. Smaller Type ‘'K’’ con- 
nectors have three positions. 


Type ‘““K”’ and “RK” connectors are avail- 
able in 7 shell types having 8 diameters. 
Inserts have more than 190 contact ar- 
rangements. Some of these have Coax, 
Twinax or Thermocouple contacts as stand- 
ard. Integral cable clamps available in all 
“K’’ plug types. 


fications for materials essential in elec- 
trical and electronic equipment; why 
developed, and where applied. (106) 


More Power Out of the Same Motor 
Frame Size, Apr. 1951, 4, p. How 
forced ventilation and new Koil design 
increased continuous rating ty original 
NEMA 1-hr rating for a ‘mine loco- 
motive motor. (109) 


Magnetic Amplifiers: Part I, Application 
and Rating Data; Part II, Modes of 
Operation, Mar., Apr. 1951, 20 p. 
Combined reprint covers application 
data such as effect of load resistance, 
control power, range and other factors 
on cost and size; also an analysis of 
ideal and practical modes of operation 
for simple saturable reactors. (138) 


Insulation Resistance of Thermosetting 
Laminates, Mar. 1951, 8 p. Report of 
extensive tests showing the effect of 
humidity and temperature on electrical 
properties of standard grades. (184) 


Relay Circuit Ideas from Miniature 
Train Control, Mar. 1951, 4 p. Where 
only the power line is available for 
control, these ideas provide independ- 
ent speed control for two motors, or 
four selective control functions. (115) 


Gaging and Sorting Electronically, Mar. 
1951, 4 p. Measuring heads and elec- 
tronic circuits for automatically classi- 
fying parts according to dimensional 


variations. (120) 


Developments in High - Temperature 
Metals and Ceramics, Mar. 1951, 8 p. 
Electrical and mechanical properties 
of metals and metal compounds for 
service at temperatures between 1000 
and 2500 C. (116) 


Crystal Rectifier Performance Evaluated, 
Mar. 1951, 8 p. Germanium diodes 
compared with thermionic and metallic 
rectifiers for low voltage applications 
outside communications field. (114) 


Practicability of Powder Metallurgy, Feb. 
1951, 8 p. Methods effective in re- 
ducing the cost of many machined 
metal parts and some case _ histories; 
comparative cost factors tabulated for 
six fabricating methods. (111) 


Unitized Electronic Design and Construc- 
tion Techniques, Feb. 1951, 12 p. 
Based on study made by Stanford Re- 
search Institute for ONR. Advantages 
and limitations of unitized design and 
a number of typical examples using 
preformed or printed circuits, hermetic 
assemblies and embedment. (117) 


Fuses vs Circuit Breakers, February 1951, 
4 p. Motor protection requirements 
analyzed, selection chart for protective 
devices for various circuits. (110) 


Report on Dielectric Research, Feb. 1951, 
12 p. Recent conference emphasizes 
practical developments, and challenges 
need for fungus protection. (108) 


How to Lay Out Panels for Motor Con- 
trols and Wiring of Panels a Motor 
Controls, Jan., Feb, 1951, 12 p., com- 
bined reprint. Panel types, steudential 
tion of components, electrical clear- 
ances, enclosure temperature, selection 
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VERSATILITY—that’s the theme of the Kurz-Kasch plastics story in the electronic 

field. Parts like those above—zmillions of them—are examples of Kurz-Kasch mass-pro- 
duction moulding of all types of thermosetting compounds during war and in peacetime. 
They measure up to exacting dimensions—pass underwriter requirements—are produced by 
the millions from moulds made for long productivity. They exemplify the sound and economical 


moulding methods we’ve helped to pioneer for the use of our country’s leading electrical manufacturers. 


That’s a “nutshell” story of what Kurz-Kasch has been able to do in the electrical field alone, Our entire 


output, of course, goes further—to a complete cross-section of American industry. Maybe we can help you. 


tea err 


You can find out by telephone. 


Kurz-Kasch, Inc. 1419 South Broadway * Dayton 1, Ohio 


BRANCH SALES OFFICES: New York, Lexington 2-6677 
Rochester, Hillside 2415M ® Chicago, Harrison 7-5473 
Detroit, Trinity 3-7050 © Philadelphia, Granite 2-7484 
Dallas, Lakeside 1022 © Los Angeles, Prospect 7503 
St. Louis, Delmar 9577 © Toronto, Riverdale 3511 


EXPORT OFFICE: 89 Broad Street, New York City, 
Bowling Green 9-7751. 
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FOR OVER 35 YEARS PLANNERS AND MOULDERS IN PLASTICS 
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Wht LORD &ESEARCH 


in Vibration-Control 
means to YOU 


@ This modern testing machine measures the deflection of 
LORD Vibration-Control Mountings under load and auto- 
graphically records the deflection curve. Although deflection 
testing is but one phase of an extensive program, it serves 
to illustrate the precision and excellent facilities which are 
found in all branches of LORD research. 

Continuous investigation of metals, elastic materials, 
bonding methods, and mounting performance have resulted 
in improvements of value to every user of vibration-control 
mountings and custom made rubber-bonded-to-metal parts. 
LORD has developed over 500 natural and synthetic rubber 
stocks. From these is selected the one with the exact charac- 
teristics to deliver maximum performance and longest life 
for each application. A choice of metals means adequate 
strength .. . minimum weight . . . maximum corrosion 
resistance. New bonding methods improve quality and 
lower cost. 

Research has made it possible for LORD to produce 
more accurate ... uniform... dependable . . . economical 
vibration-control mountings and bonded-rubber parts. 
LORD Field Engineering Representatives are ready to assist 
with proper selection and application. Write for your copy 
of the Lord Natural Frequency Chart and of the Vibration 
Isolation Chart. Designers and engineers will find them 
of definite value. 


LORD MANUFACTURING COMPANY ° ERIE, PA. 


Canadian Representative: Railway & Power Engineering Corp. Ltd. 





of wire for power and control circuits, 
termination. (121) 


Electric Drives with Speed Control, Dec. 
1950, Jan., Feb. 1951, 20 p., com- 
bined reprint. Broad survey of al] 
types; flexibility, range, speed regula- 
tion, type of power supply, relative 
complexity, cost; also, discussion of 
matching drive to load. (125) 


Reliable Electronic Equipment, Jan. 1951, 
4 p. Report of work done at ONR on 
components, design and maintenance 
to obtain longer life for both military 
and industrial equipment. (102) 


Making Electrical Contacts Stand Up in 
Control Service, Jan. 1951, 8 p. Causes 
for failure analyzed; advantages and 
limitations of contact materials tabu- 
lated; how to increase contact life. (100) 


Molding Glass-Reinforced Plastics; Boro- 
carbon Resistors; Organoboron High- 
Temperature Resins. Combined re- 
print of three popular “Design Trends” 
articles from recent issues. (182) 


Practical Factors in Applying Organic 
Finishes, Nov. 1950, 8 p. Paint and 
varnish technology, quality control and 
application methods. (133) 


Safeguards for Safety in Electrical Prod- 
uct Design, Oct. 1950, 12 p. Where, 
why and what safeguards are required; 
how hazards are avoided. (129) 


Teaming Up with the Defense Agencies, 
Oct. 1950, 8 p. Who handles what and 
how in the different categories of the 
defense organization. (136) 


Matching Solenoid Characteristics to 
Load, June 1950, 8 p. Increasing effi- 
ciency and reliability; nine suggestions 
for selection and application. (119) 


V-Belt Drives for Adjustable Speeds, 
Jan. 1950. Advantages and limitations 
of types for designed-in use. (107) 


Bulk quantities (five or more) of any 
reprint listed here for which a supply is 
still available may be obtained at the 
following prices per copy on orders ac- 
companied by remittance: 


Quantity Number of pages in reprint 
ordered 4-8 12 16 or more 


5 $0.50 $0.60 $0.70 
10 0.35 0.45 0.55 
25 0.30 0.40 0.50 
50 0.25 0.35 0.45 


As a special service to librarians to 
whom ELecrricAL MANUFACTURING is} 
addressed, a maximum of four copies of 
any one title will be supplied without 
charge. Quantities of five or more sup- 
plied at the price schedule above. 


Any qualified reader may obtain, 
without charge, single copies of any 
reprint includsd in this list as long # 
the supply lasts. Use the Reader It 
quiry Facility on page 183 of this issue 
to request reprints, plus any additi 
information on any subject covered if 
the editorial or advertising pages i 
this issue. 
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ADLAKE RELAYS AT WORK — one of a series of advertisements on specific ADLAKE applications. 


for absolute dependa bility 


C-E Re-circulation Steam Generators 
use Adlake mercury relays 


; i 
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The three ADLAKE Relays in this steam generator con- 


trol, manufactured by The Adams & Westlake Co. of relay design and application. If you don’t find 
for Combustion Engineering-Superheater, Inc., were the relay you need in the ADLAKE relay catalog, it 
designed for foolproof operation. For, in addition to will be custom-built for you. 

their timing, load and control functions, they have 
an important safety job to do (see panel). 


neers will be happy to work with you on questions 


Write today for your free copy of the illustrated 
ADLAKE Relay catalog—no obligation, of course. 
The same engineering skill ADLAKE applied to the Address The Adams & Westlake Company, 1108 
C-E Re-circulation Steam Generator Controls is N. Michigan, Elkhart, Indiana. 

available for your relay problems. ADLAKE engi- 
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“Just tell them they 


CAN’T AFFORD TO US 
ANYTHING ELSE...” 


That’s Joe Gibbons speaking. We were 
talking about how to make people realize 
what a terrific thing this new 


JELLIFF ALLOY 1000 RESISTANCE WIRE 


really is, and that’s the way he summed it up. And even when you 
make allowances for a salesman’s natural enthusiasm, he’s pretty 
near right. Just look at some of the important data: 

















iseenese 0. 682 Resistivity 1000 ohms/cmf 
Tensile strength 165,000 psi— 
TC of Resistance 20 ppm— 
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ppm— 


Corrosion Resistance equal to 
the best nickel-chromiums— 

Winds fast and solders easily— 

Lots more ohms in lots less space. 


! Coefficient of Exbansion 13.9 





SOUTHPORT, CONN. 


FILTERS 


44 HSawW 2BIM 





: See what we mean? For the whole story, 
write for Bulletin 25. 























































QUALITY MINIATURES— 

the space-saving solution 

to size reduction problems — save 

50% to 75% in capacitor space—self-healing 

properties eliminate capacitor service problems 

— excellent RF characteristics — the “last word” in ultra 
compact, miniature capacitor design—available in standard, 
JAN and special case styles. 






































ASTRON RF Interference 
filters -with ‘ METALITE”’ — 
is the answer te your 
tae ol taco ta 
suppression problems 


LE LU saa 


ae 255 Grant Avenue East Newark. New Jersey 


. Manufacturers 
CATALOG AC-2 4 
i QUALITY FIXEO CAPACITORS AND FILTERS 









































MEN in 
INDUSTRY 


N. J. MacDonald, vice president in 
charge of sales, Thomas & Betts Co.. 
Elizabeth, N. J., has been appointed vice 
president of all operations. Mr. Mac- 
Donald has been with the company 30 
years. 


Dr. C. J. Breitwieser, formerly chief 
of electronics and head of engineering 
laboratories, Consolidated Vultee  Air- 
craft Corp., San Diego, Calif., has been 
named executive assistant to Dr. F. R. 
Hensel, vice president in charge of engi- 
neering, P. R. Mallory & Co., Inc., In- 
dianapolis, Ind. 


Raymond J. Lynch, formerly sales en- 
gineering supervisor, new departure divi- 
sion for the central and mid-western 
regions, General Motors Corp., Bristol, 
Conn., is now assistant chief engineer in 
the engineering department of the divi- 
sion. 


E. Clarke Quackenbush, electrical en- 
gineer and specialist on “AN” and other 
types of electrical connectors, has joined 
Cannon Electric Co., Los Angeles, as 
head of the engineering department of the 
newly created Eastern Division, E. Haven, 


Conn. 





C. Roger Turner, who was research di- 
rector, Proctor Electric Co., Philadelphia, 
has been elected to succeed Joseph W. 
Myers, who resigned as vice president in 
charge of research. Mr. Myers will con- 
tinue his connection with Proctor in a 
consulting capacity and also as member 
of board of directors. 


Dr. Clarence Zener, formerly professor 
in the Institute of Metals and the De- 
partment of Physics at the University of 
Chicago, has been appointed as an asso- 
ciate director, Research Laboratories, 
Westinghouse Electric Co., Pittsburgh. 





James A. Mason, chief project engi- 
neer, Warner Electric Brake & Clutch 
Co., Beloit, Wis., is now assistant man- 
ager, Machinery Electrification,  Inc., 
Worcester, Mass., the New England out- 
let for the Warner line of industrial elec- 
tric brakes and clutches. 


Louis Kahn, who is director of research, 
Aerovox Corp., New Bedford, Mass., and 
director of Aerovox Canada, Ltd., has 
been appointed expert consultant on com- 
ponents, Panel of Components and also 
chairman of the Capacitor Sub-panel, Re- 
search and Development Board for the 
Armed Forces. 


John F. Lorber, formerly associated 
with Raytheon Manufacturing Co., Wal- 
tham, Mass., and R.C.A. Institute of 
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““! NOW —TEST WITHOUT BARRIERS OR SAFETY CAGES 


ps New G-E High Potential Insulation Tester is Current- 


oined 


aig. limited to Safeguard Personnel and Protect Equipment 
of the a ;' aati 
leven. This versatile test set has its output current limited _ —- : 
to 5 milliamperes, which is below the “‘let-go”’ i 
value, thus minimizing the hazard to personnel. cs dae — 


ch di- Barriers, cages, and white tape need no longer clutter 


‘Iphia, the testing area. A retractable prod can be provided 


Ih W, 
ent in 
1 con- 
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to prevent the operator from coming in contact with 
the high-voltage circuit. 
A wide range is available, from 0 to 3200 volts. 
Line surges are virtually eliminated. 
Costs only $194.00, list price. 
Call your G-E sales office or authorized G-E dis- 
sia tributor soon. For more information, CLIP THE COUPON. 
e De- ; 
sity of ar ; s 
, some eee ; Portable, lightweight, (22 lbs.), it can be picked up and carried 
vostan ar to new test locations or equipment. Simply plug it into an 
= ordinary 115-volt, a-c outlet and it is ready to go! 
burgh. 4 ’ , 
engi- aA 
Dlutch : 
man- 
Inc., 
d out- 
1 elec- 


its General Electric Co. 
Schenectady, New York. 


Please send me bulletin GEC-700 on your Current-Limited 
High-Potential Tester 


| 0 planning an immediate project 
| _ #for reference purposes 

search, | 

s., and 

1., has : ; : ae " 

cane Non-destructive testing, with current-limited; flash-overs cannot | 

1 Is burn insulation or damage equipment. Neon lamp on the panel | 

“I Pe: “be warning before insulation breaks down. Faults are indicated 

el, he- i 


y a drop in voltage on the meter. 
or the 
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| 2500 type cea creer 
“*Lock-on"’ Reloy ’ M Type ‘Midget'’ 
‘ i In Sealed Cap 


Thue 


FOR MULTIPLE REMOTE CONTROL 


‘ 31-A Sensitive 
Five-Coil Relay , Wire-Spring Relay 
Closes 25 Circuits - 


M'Type ‘‘Midget"’ 2600 Type 
With 250 V. Switch **Slow-Release"™’ Relay 


IL. would be misleading to pick a single remote control 
function and describe it as typical of North Relays. Actually 
the range of application covers everything in the field of 
high-speed sensitive relays. If you wish to remote-control 
multiple circuits, there’s a North Relay to make and/or break 


up to 32 of them with one impulse, controlled by a single-pair 


at low voltage. If you require extra sensitivity and speed in 
compact form, see the North M Type “Midget”, designed to 
operate on less power than ordinary midgets (.05 Watt at 
normal spring load) yet occupy less than 24% cubic inches. 
There are more than 100 combinations of multiple make or 
break contacts available in either the Midget or heavy-coil 
relays. To get some idea of the variety in between... 


. . - ASK FOR THE NEW 
INFORMATIVE NORTH RELAY CATALOG 


1438T South Market Street, Galion, Ohio. 


New York, has joined Hycor Co., Inc.. 
N. Hollywood, Calif., manufacturer of 
precision wire wound resistors, as chief 
engineer. 


Beardsley Graham, formerly of Bendix 
Aviation Corp., has joined the engineer- 
ing staff, Stanford Research Institute, 
Stanford, Calif., as assistant chairman of 
the department of engineering. He will 
be in charge of the equipment engineer- 
ing and advanced techniques program for 
both military and industrial sponsors. 


Dr. Cole Coolidge, who was assistant 
director, chemical department, E. I. du 
Pont de Nemours and Co., Inc., Wil- 
mington, Del., is now director of the de- 
partment, succeeding Dr. Elmer K. Bolton 
who retired. 


Leonard J. Linde, Henry P. Pinkham 
and John F. Chipman have been ap- 
pointed assistant general manager and 
chief engineer; assistant chief engineer; 
and product engineer; respectively, Bos- 
ton Works, Allis-Chalmers Manufactur- 
ing Co. 


Dr. Richard M. Goldrick, formerly re- 
search chemist, Polychemicals Depart- 
ment, E. I. du Pont de Nemours and Co., 
Inc., Wilmington, Del., is now research 
manager, Fibron Plastics Department, 
Irvington Varnish and Insulator Co., 
Irvington, N. J. W. Moody Wilson has 
also joined the department as a research 
chemist. 


Dr. Robert D. Huntoon has been ap- 
pointed associate director, National Bu- 
reau of Standards, U.S. Department of 
Commerce, Washington, D. C., in charge 
of the newly established Corona Labora- 
tories near Corona, Calif. He was for- 
merly chief of NBS Atomic and Radiation 
Physics Division. 


Henry Fogel, who was chief engineer, 
advanced development section, Tele- 
Tone Radio Corp., Elizabeth, N. J., is 
now chief, product engineering division, 
Radio Receptor Co., Inc., Brooklyn, N. Y.., 
manufacturers of radio and_ electronic 
equipment. 


Solomon Zimmerman has joined the 
development engineering staff, JFD Man- 
ufacturing Co., Brooklyn, N. Y., and will 
work on the development of new elec- 
tronic equipment. He was formerly with 
the engineering division, Tele-Tone Radio 


Corp., Elizabeth, N. J. 


S. H. Van Wambeck is now director of 
engineering, Knapp-Monarch Co., re- 
cently moved to Bent & Potomac, St. 
Louis 16, Mo. 


Robert W. Suman, formerly chief engi- 
neer, power transmission products, Link 
Belt Co., Chicago, has been appointed 
chief engineer of the Philadelphia plant. 


E. W. Ritter and E. V. Huggins have 
been named vice president and executive 
vice president, respectively, of the West- 
inghouse Electric International Co., for- 
eign trade subsidiary of Westinghouse 
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From the simplest roundels 
to the most intricate lenses . . . 


KOPP GLASS 


meets your most exacting requirements... 


When you specify KOPP lenses, roundels, color filters or 
other glass parts, you are assured of highest quality. 
Being specialists in the manufacture of technical glass- 
ware for lighting and industrial applications, Kopp provides 
exceptional engineering, research and production facili- 
ties for the design, testing and making of parts to meet 
your most exacting requirements. 


KOPP GLASS, Inc. 


SWISSVALE, PA. 
ORI. alal 
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. . . IN PRECIOUS METAL AND PRECIOUS 
METAL-CLAD .. WIRE... TUBING . . FLATSTOCK 
.. CONTACTS ..OR WAVE GUIDE? 


UNION PLATE AND WIRE CO.’S LIFETIME 
OF EXPERIENCE IS AT YOUR COMMAND 


Our Industrial Division is daily solving many of the 
engineer's problems for contacts, contact materials, 
collector rings, small fabricated parts in both precious 
metals and precious metal-clad as well as composite 
base metals. Intimately bonded alloys permit you to 
use the many advantages of precious metals without 
sacrificing the desired physical and mechanical proper- 
ties of the base metals. 


EVERYTHING custom made to YOUR specifications 
and YOUR tolerances. Nothing “Off the Shelf”. So 
you no longer have to FISH for quality. A letter of in- 
quiry to our engineers, stating your problems will bring 
you a prompt reply. 


UNION PLate AND Wire Co. 


63 Union Street, Attleboro, Mass. 


NEW YORK OFFICE: 30 Church St., New York 7, N. ¥.@ CHICAGO OFFICE: Room 1201, 55 E. Washington St., Zone 2. 





| Electric Corp., Pittsburgh. Mr. Ritter 


was formerly manager of the new elec- 
tronic tube division, Bloomfield, N. J. 


Herman A. Bottenhorn is now chief en- 
gineer of Loewy Rolling Mill Division, 
Hydropress, Inc., New York City. 


L. A. Holder and C. M. Maratta have 
been appointed chief mechanical engi- 
neer and chief consulting engineer, re- 
spectively, The Timken Roller Bearing 
Co., Canton, Ohio. 





COMPANY BRIEFS 





Electro Machines, Inc., Cedarburg, 


| Wis., manufacturer of Doerr electric mo- 


tors, has been renamed Doerr Electric 


Corporation. 


Admiral Die Casting Corp., has com- 


| pleted a new plant at 200 W. 83 St., 


Chicago, equipped with high-pressure 


| die-casting machines for aluminum, zinc 


and magnesium die castings. 


B. F. Goodrich Chemical Co., Cleve- 
land, has reopened the giant government- 
owned rubber plant at Institute, W. Va. 


Warsaw Products, Inc., is successor to 
the Warsaw Button Co. The new firm, 
located in Warsaw, N. Y., plans to ex- 
pand its present production of control 
knobs for the electronics industry. 


Construction has begun on Westing- 


house Electric Corporation’s new lamp 


manufacturing plant near Reform, Ala. 
When completed in 1952, it will have 
125,000 sq ft of floor space and make 
miniature type lamps. 


Statham Laboratories, Inc., has moved 
to 12401 W. Olympic Blvd., Los Ange- 
les 64. 


Electronic Designs, Inc., manufacturers 
of electronic devices, formerly of Irving- 
ton, N. Y., are now located at 28-30 
School St., Yonkers, N. Y. 


The Georator Corporation of Arling- 
ton, Va., has formed an electric products 
division specializing in the manufacture 
of permanent-magnet generators. In ad- 
dition, the Geophysical Instrument Co. 
division has acquired facilities of the 
company of that name and will make 
the full line formerly produced by that 
group. 


Uniform Tubes, formerly of Roxbor- 
ough, Philadelphia, is now situated in 
Collegeville, Pa. Production capacity at 
the new plant is estimated to be 250 per 
cent greater. 


Buchanan Electrical Products Corp., re- 
cently moved their facilities to a new 
plant at 225 Highway 29, Hillside, N. J. 
The new building has three times the 
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you can BE SURE... te irs 


Westinghouse 








A Tough Transformer Problem Solved with 


STEPLESS VOLTAGE CONTROL 


Here’s a unique problem ... but the solution illustrates 
the modern engineering available at Westinghouse to 
tackle all types of transformer problems. 


The application: A transmitter required a d-c power 
supply of 4,000 volts, variable under full load... 
from plus 10% to minus 40%. 


The Westinghouse solution: A combination of a 
three-phase, dry-type transformer to produce the 
required 4,000 volts, with a three-phase, buck-boost 
transformer, and a three-phase, motor-driven power- 
stat, serving a d-c rectifier. Quality-proven class B 
insulation and HIPERSIL® cores result in compact, 
lightweight installation that completely eliminates the 
need for bulky, oil-immersed, tap-changing equipment, 


AUGUST 1951 


The main transformer is rated 73 kva, 230 volts 
delta on the primary, 4,240 volts wye on the secondary. 
The secondary of the buck-boost is in series with the 
output of the main transformer, and the powerstat 
acts to adjust the primary voltage on the buck-boost, 
so that stepless control of the entire assembly can be 
achieved under full load of the d-c rectifier. The 
operator stands in front of the transmitter itself, and 
raises or lowers the voltage by means of pushbuttons, 
while he watches the d-c plate voltmeter of the rectifier. 


If you have a tough transformer problem, take advantage 
of the facilities of Westinghouse for quick, practical solutions. 
Transformers specially designed for all types of electrical 
and electronic circuits, as well as a wide selection of stand- 
ardized designs... produced in quantity... with quality. 
Call your nearby Westinghouse representative, or write 
Westinghouse Electric Corp., P. O. Box 868, Pittsburgh 30, Pa. 

J-70565 
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When goodregulation at 
low power factor loads 
with heavy inrush cur- 
rents are required, Hevi 
Duty Control Circuit 
Transformers are first 
choice! 


esau aeaaaeae eee ers 


¢ 


The GISHOLT 
No. 12 Hydraulic 


AUTOMATIC LATHE 
designed for high 
production chucking work 
to meet new machine 
tool specifications for 
automatic use. Unusual 
requirements for light- 
ing and contactor loads 
cre met with Hevi Duty 
Transformers. 


Heui Duly ~ 
Control Circuit TRANSFORMERS 


give you better regulation 


Regulation curves quickly reveal 
the fact that you get extremely 
good regulation at low power 


factor when you use the proper- 
ly designed Hevi Duty Control te ies 
Circuit Transformer. In addition, : 


abet kee 


you get rugged mechanical con- 
struction, oversize terminals per- 
manently attached to coils dur- 
ing winding, and many other 
features that assure dependable 
performance. Regulation curves 





and complete engineering data 
are available. Write today. 









HEVI DUTY ELECTRIC COMPANY 
HEAT TREATING FURNACES PPEVWASE}EET-Y ELECTRIC EXCLUSIVELY 


DRY TYPE TRANSFORMERS — CONSTANT CURRENT REGULATORS 
MILWAUKEE 1, WISCONSIN 
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floor space of the previous location and 
will permit expansion of production of 
line of electrical fittings. 


The new electron tube plant of the 
Radio Corporation of America was for- 
mally opened recently in Cincinnati. 
Occupying a tract of 17 acres and con- 
taining 136,000 sq ft of floor space, it 
will be devoted exclusively to production 
of miniature and subminiature tubes. 


Electro Engineering Products Co., Inc., 
having moved to 609 W. Lake St., Chi- 
cago 10, now has available larger facili- 
ties for production of dynamotors, gen- 
erators and motors. 


Topflight Tool Co., Inc., York, Pa., has 
awarded a contract for the construction 
of a new manufacturing plant north of 
the city. The building, with 16,000 sq 
ft of working space, will augment facili- 
ities of the subsidiary Topflight Tape Co., 
and for the parent firm. 


The Wabash Metal Products Company, 
Wabash, Ind., has acquired the exclusive 
rights to make and sell Wabash hydraulic 
presses, formerly manufactured by Labor- 
atory Specialties, Inc. 


Jack & Heintz, Inc., has received au- 
thorization to proceed with an expansion 
program under a joint AMC-Navy facili- 
ties contract. The expansion is slated to 
double present output of aircraft elec- 
trical accessories. 


Cam-Lok Co., manufacturer of welding 
cable connectors, was recently acquired 
by Empire Products Inc. of Cincinnati. 
A new plant will be built by the latter 
firm in Rossmoyne, Ohio. 


Pressed Steel Car Co., parent firm of 
Conduit Fittings Corp., has acquired the 
Chicago Steel Tank Co., bringing to five 
the number of steel fabricating companies 
which the firm has taken over in 15 
months. 


The West Coast Research and Devel- 
opment Laboratory of the Robertshaw- 
Fulton Co. has moved to a new building 
near the Los Angeles International Air- 


port. The plant has an area of over 
12,000 sq ft. 


An additional manufacturing unit em- 
ploying 1200 workers is being converted 
tc defense work in the works of the 
Victor division, Radio Corporation of 
America, Camden, N. J. 


Crysta-Labs, Inc., 901 W. Peachtree, 
Atlanta, Ga., will henceforth be known 
as Pan-Electronics Corp., the name un- 
der which the concern engaged in war- 
time production. 


A components division has been form- 
ed in the Electronics department of 
General Electric Co., Syracuse, N. Y 
E. L. Hulse is manager of the new di- 
vision. 


The Armco Steel Corporation has 


granted a license to Allegheny Ludlum 
Steel Corporation to use certain Armco 


ELECTRICAL MANUFACTURING 





It's TOPHET for Top Heat 


WILBUR B. DRIVER COMPANY 


150 RIVERSIDE AVENUE, NEWARK 4, NEW JERSEY 
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THOMAS & SKINNER Steel Products Company 


1120 East 23rd Street .- Indianapolis, Indiana 


Here at Comar, a 


competent staff of 
engineers, plus vast, 
new production 
facilities insure more 
rapid deliveries of a 
wide variety of elec- 
trical components. 
Write today. Your in- 
quiry will receive 
prompt attention. 
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ELECTRIC COMPANY 
3349 ADDISON ST., CHICAGO 18, ILLINOIS 



























processes in production of special elec- 
trical steels, particularly grain-oriented 
silicon-iron alloy steels. 


A new electronic research laboratory 
is being constructed for Duro-Test Corp., 
N. Bergen, N. J. It will be used to de- 
velop new products and carry on com- 
pany investigations. 


Sylvania Electric Products Inc. has 
selected Nelsonville, Ohio, as the site 
of a plant for the manufacture of welded 
lead-in wires for lamps, radio tubes and 
other electronic devices. Operations will 
begin in a few weeks in a leased factory. 


New general offices and plant facili- 
ties of the Crane Packing Co., Chicago, 
are being constructed in Morton Grove, 
Ill., and will cover 133,000 sq ft. 


The Wel-Met Co., Kent, Ohio, is 
planning construction of an additional 
plant at Salem, Ind. It will triple the 
firm’s production of self-lubricating bear- 
ings and mechanical parts made of sin- 
tered metal powder. 


Bendix Aviation Corp., Detroit, has 
concluded an agreement to purchase 
South Montrose Manufacturing Co., S. 
Montrose, Pa. It will be known as the 
Montrose Division. 


Wilcox-Gay Corp., Charlotte, Mich., 
has leased an 85,000-sq ft plant in Bur- 
bank, Calif., for the manufacture of 
television and radio receivers. 


The General Electric Co. will construct 
a 20,000 sq ft manufacturing building 
in Springfield, N. J., for Precision Labor- 
atories, Inc., a unit of the GE compon- 
ents division. The plant, double the size 
of the present one in Irvington, N. J., 
will make electron tube parts. 


The Regulator Equipment Corp., 55 
MacQuesten Parkway South, Mt. Ver- 
non, N. Y., has been formed to manu- 
facture electro-mechanical, magnetic- 
amplifier and electronic regulator con- 
trols. 


Ideal Plastics Corp., Hollis, L.1., N. Y.. 
has installed two Watson-Stillman 300- 
oz molding machines, designed to turn 
out parts such as washing machine agi- 
tators, refrigerator interiors, aircraft 
parts, etc., weighing up to 26 lb. 


All-State Welding Alloys Co., Inc., is 
going to erect an industrial building ad- 
joining the home office and plant at 273 
Ferris Ave., White Plains, N. Y. 


Centric Clutch Co., makers of Rawson 
centrifugal clutch-couplings, has moved 
to its new plant at the junction of Main 
St. and Route 35, Woodbridge, N. J. 


The Essex Wire Corp., Fort Wayne, 
Ind., has established a new depart- 
ment to design, develop, manufacture 
and market transformers for neon tubes, 
oil burner ignition and fluorescent light- 
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Every DAY it’s more and more evident that even a little steel may keep a big plant’s production 
line going in a pinch until the next big shipment arrives. 


If you have D.O. orders for steel and can use our superior hot rolled products we may be able 
to schedule limited steel tonnage for you to help you keep going at full blast 


Please remember, we said —‘‘we may be able to help”...Tell us your minimum requirements 
and we'll let you know promptly if we can assist you. 


° Silicon (Electrical Sheets) 
Superior Hot Rolled Acid Pickled 
specializes Galvanized 
. Galvannealed 
inh: Long Terne 


Mill Limits 6 to 30 gauge * Widths up to 48”— Lengths up to 144” 


Superior Sheet Steel 


DIVISION 


THE PARKERSBURG STEEL COMPANY . 
Louisville, Ohio 





Look to Superior 
for Superior Quality 
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MODERN 
EQUIPMENT 


GEAR 
COUPLINGS 





MODERN 
DRIVING 
UNIT 


@ Cut Weight 50% 


@ Cut Size 40% 

e@ Slash Assembly Time 

@ Slash Down-Time 

e Provide Better Protection 
e Last Longer 


YOU have designed your equipment to be more compact, lighter, 
less costly to assemble and maintain, more dependable and more 
durable. And you’ve seen these advancements in the driving units 


you specify. 


NOW —at long last—you can get these same improvements in 
the link between machine and driver. Sier-Bath Gear Couplings— 
the only really new gear couplings in years—provide them all. 





WRITE FOR BULLETIN 


—and name of your nearest 
Sier-Bath Representative! 





Bulletin gives installation photos, cost-cutting advan- 
tages, plan drawings, specs for standord, vertical, 
mill motor and floating shaft types—sizes from % to 6, 
HP 4 to 550. (Special sizes and types on request.) 


== Alse Manufacturers of Precision Gears and Screw and Gearex Rotary Pumps ———————— 
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RESULT—your assembly costs go way 
down — your equipment gets better pro- 
tection—your customers get better 
products! 


COMPARE: Sier-Bath Gear Coupling shown with 
two major conventional types of same shaft size, 
same HP capacity. Smaller, lighter—the new coup- 


lings allow more compatt designs, put less strain 
on shafts, bearings. 


ASSEMBLED, UNCOUPLED in seconds! 


Only 7 parts. One-piece smooth sleeve transmits 
the load—no bolts to shear. Neoprene seals 
weather-proof the interior. Snap rings removed with 
@ screw driver—yet take 50,000 Ibs. of end thrust. 
No bolts, grids or discs to wear out. Alignment 
checked in a jiffy. 


Founded 1905 Member A.G.M.A. 


Sier-Bath 





©) FN ary: PUMP CO., ire 


9244 HUDSON BLVD., NORTH BERGEN, N. J. 













ing. Marketing headquarters will be at 
4213 Milwaukee Ave., Chicago 41. The 
firm also purchased a building with 
200,000 sq ft of floor space in Birming- 
ham, Ala., for manufacturing wire. 





ASSOCIATIONS 
AND SOCIETIES 





Oil-Heat Group Is Formed 


The Commercial-Industrial committee 
of the Oil-Heat Institute of America, 
meeting for the first time on June 20, 
appointed subcommittees on approval- 
testing and engineering, and adopted a 
statistical program and a survey to show 
materials requirements of manufacturers, 
Membership is open to those engaged in 
manufacture of oil burners intended pri- 
marily for commercial and industrial ap- 
plication. 


AGMA Elects Officers 

The American Gear Manufacturers As- 
sociation, in their 35th annual meeting, 
elected the following officers for one year 
terms beginning July 1: president, George 
H. McBride, Westinghouse Electric 
Corp.; vice president, S. L. Crawshaw, 
Western Gear Works; treasurer, Louis B. 
Bond, Charles Bond Co. 


ASTM Presents Awards for 
Notable Technical Papers 


Authors of outstanding technical papers 
recently received awards at the 1951 an- 
nual meeting of the American Society 
for Testing Materials. Those honored 
were: Professors D. S. Clark and P. E. 
Duwez, California Institute of Technol- 
ogy; R. L. Templin and W. C. Aber, 
Aluminum Company of America; C. T. 
Evans, Jr., The Elliott Co.; R. C. Mie- 
lenz, L. P. Witte and O. J. Glantz, U.S. 
Bureau of Reclamation. 


Judges Named for SPE Contest 

Carl J. Frosch of Bell Telephone Lab- 
oratories will serve as chief judge in the 
third annual prize paper contest of the 
Society of Plastics Engineers. Designed 
to encourage young members to prepare 
papers on plastics, the contest offers a 
$350 national prize plus local prizes. 
Deadline for the submission of entries to 
the sectional groups is October 15, 1951. 


John M. Frank Heads NAFM 

The National Association of Fan Manu- 
facturers, meeting in Niagara Falls, Can- 
ada, has elected as president John M. 
Frank, president of the ILG Electric 
Ventilating Co., Chicago. 


ASTM Elects Fuller President 

Truman S. Fuller, engineer in charge 
of the works laboratory, General Electric 
Co., Schenectady, has been elected presi- 
dent of the American Society for Testing 


| Materials for the 1951-52 term. He is a 
| former member of the board of directors, 
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Insulation Headquarters 


The fiberglas-polyester laminate that provides 
greater insulation protection per dollar cost 


GLASTIC Laminates are made by combining glass fibers with alkyd base polyester resins 
... the resultant laminate, combining the best electrical and physical features of both, is 
an insulating material significantly superior in heat, arc and moisture resistance; flexural, 
impact and tensile strength . . . also it is tough, rigid and dimensionally stable. GLASTIC 
Laminates are easy to fabricate; they punch and shear without requiring pre-heating. 







GLASTIC Laminates are available in six grades MECHANICAL AND 
to meet all known insulation requirements: ELECTRICAL PROPERTIES 


GLASTIC 
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Distinctly superior to cotton fabric re- Flexural Strength (psi) 23,800 34,000 53,200 
inforced phenolic laminates and similar Se : - 
mr na great gt Rigidity (Young's Mod. x 10”) 1.87 2.84 3.38 
Impact Strength (Izod 13.5 19.2 25.0 
Similar to Glastic MM but made with om ts. ; 
a resin of greater strength and flame Tensile Strength (psi) 11,100 17,300 44,500 
resistance; well suited to resist pound- s ; 
aa: smed io aueaes eae Crt Uur on to) 33,500 53,100 57,500 
Hardness (Rockwell M) 90 90 90 
Premium grade, much greater strength - 
than either MM or GF; 45,000 psi at Time ay 1.59 1.51 1.75 
150°C after 200 hours; requires sharp . . 
carbide tools in fabricating. Water Absorption (°/, ASTM) -54 .36 -61 
| TT \ 
Similar to GW but uses unidirectional deena sth meh 1 ” ine 
glass cloth for aes ee Dielectric Strength (V/M) 300 280 210 
t hi direction (70, i). 5; : 
arene eer enneee - Dielectric Constant (at 60 cy.) 4.3 4.1 5.4 
| Tough, semi-rigid sheet stock available o F : ‘ ; 
: So dhs in .038” nominal thickness only; well sorb dich CU Shall a 3.1 = V0.2 
suited to cold shearing and punching. AFTER 200 HRS. 
Exposure at 150°C. 
Tough and thin; will crease without _ 
serious loss in dielectric (500-700 TCS Cu um (ri) 25,200 32,200 45,000 
V/M); shearing and handling qualities ee 
far superior to mica glass materials; CCU mcr) 15.7 25.2 22.0 
ill not puff or distort regardless of a 2 oe: 
aoe ia under heat = humidity; Tere mA ea) 325 315 200 
standard thicknesses .015” and .020” Et Ta errr Cd (% ASTM) 1.32 61 2.15 


GRADE B INSULATION FOR THE PRICE OF GRADE A e@ MOLDED GLASTIC parts, Grade MG, are available to 


specification. 


IMPACT STRENGTH ® Special GLASTIC for particular requirements will be 


ARC RESISTANCE developed on request. 


G R é AT E # HEAT RESISTANCE 


e Information detailing the superiority of GLASTIC 
with grade C phenolics and melamine G5 laminates 


DIMENSIONAL STABILITY . available . . . Write for GLASTIC bulletin MR; also 
MOISTURE RESISTANCE ace test samples—they'll be sent upon written 
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Write for GLASTIC bulletin MR; also for free test samples 


A PARTIAL LIST OF M-R PRODUCTS: FIBERGLAS VARNISHED TUBING, TAPE AND CLOTH - INSULATING PAPERS 
AND TWINES - CABLE FILLING AND POTHEAD COMPOUNDS ~ FRICTION TAPE AND SPLICE * TRANSFORMER COM- 
POUNDS + FIBERGLAS SATURATED SLEEVING ~ ASBESTOS SLEEVING AND TAPE - VARNISHED CAMBRIC CLOTH AND 
TAPE + MICA PLATE, TAPE, PAPER, CLOTH, TUBING * FIBERGLAS BRAIDED SLEEVING - COTTON TAPES, WEBBINGS AND 
SLEEVINGS - IMPREGNATED VARNISH TUBING * INSULATING VARNISHES OF ALL TYPES - EXTRUDED PLASTIC TUBING 










































EXCEPTIONAL 
aiiei ie. | 
PROPERTIES 







TOGETHER WITH SUPERIOR 
CHEMICAL RESISTANCE AND 
MECHANICAL PROPERTIES 


Hys 
6000 


The Hysol 6000 Series is an exceptionally 
versatile group of materials which derive 
their properties from the epoxide resins. 
Supplied in cast rods, tubes and sheets; 
as a casting resin; and as a coating solu- 
tion. A variety of formulations can be 
compounded to assure best service in 
specific applications. 
SPECIFICATIONS 
OF THE BASIC CAST RESIN 

Specific Gravity...... 1.18 -1.20 


Coef. of Thermal Expan. . , 25-60.4 x 10-6 
Heat Resistance. . 230 - 250°F 





Water Absorption 24 hrs....... .0.10°% 
Rockwell Hardness M Scale..... 85-95 
Tensile Strength psi............ 11,370 
Flexural Strength psi.......... 15,540 
Modulus of Elasticity psi. ....426 x 10-6 
Izod Impact (Ft. lbs. in notch) . . 45 
Compressive Strength psi. ..... 14,100 


ELECTRICAL PROPERTIES 


POWER FACTOR 


60 cycles 0.0011 10° cycles 0.0042 
1 megacycle. . .0.026 10 megacycles. .0.035 
DIELECTRIC CONSTANT 
60 cycles 3.88 105 cycles 3.70 
1 megacycle. . .3.49 10 megacycles . .3.17 
LOSS FACTOR 
60 cycles . 0.0043 10° cycles 0.015 


1 megacycle. . .0.091 
DIELECTRIC STRENGTH 
step by step (% inch section). . 


ARC RESISTANCE 


10 megacycles. 0.110 


350 Volts/mil 


135 seconds 


Write for Technical Bulletins 
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laboratories. ine. 


OLEAN, NEW YORK ; 


Plants in Olean, N. Y. and Smethport, Pa. 
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having served on that body in 1939-41 
and 1947-50, and has long been a mem- 
ber of many ASTM committees. At the 
1951 annual meeting, 
were approved. The 
ance was a new high, 
ports and papers were 


registered attend- 
2277, and 172 re- 


wali, 
presented. 


Advances in Lighting To Be Cited 


Latest advances in lighting research | 


and application will be presented at the 
National Technical Conference of the II- 
luminating Engineering Society from 
August 27-30 in Washington, D. C. In 
addition to four general technical ses- 
sions, complete sessions will be devoted 
to glare and comfort; military lighting; 
aviation lighting; light sources and other 
topics. The program includes almost 50 
technical papers. 


Pigott Named To Head ASME 

Reginald J. S. Pigott, director of the 
engineering division of Gulf Research & 
Development Company of 
has been nominated for the 1952 presi- 
dency of the American Society of Me- 
chanical Engineers. His formal election 
will take place in the fall by letter ballot. 
An ASME member since 1912 and fellow 
of the society since 1938, he has served 
on many of its committees. 


IES Elects S. G. Hibben President 

Samuel G. Hibben, Westinghouse di- 
rector ‘of applied lighting, has been elect- 
ed president of the Illuminating Engi- 
neering Society. He had been vice presi- 
dent of the group since 1949. 


Metallurgical Congress To Consider 
Uniform Terminology and Techniques 
The World Metallurgical Congress, 
which expects to be host to some 35,000 
American and foreign metal experts in 
Detroit during October 14-19, plans to 
survey eight major problems. These are: 
need for uniform terminology and _ re- 
search techniques in the free world; lack 
of a system or agency to translate data 
from one nation to another; need for in- 
creased interchange of basic research in- 
formation; ways of determining and 
relieving metal shortages; need for knowl- 
edge of effects of nitrogen and other 
components in alloy steel; need for re- 
search on alloy steel behavior at extreme 
temperatures; methods for reducing cost 
of new alloys; and need for greater 
knowledge concerning high-frequency 
currents in the processing of metals. 


ASM Selects New Officers, Trustees 

At the annual meeting of the nom- 
inating committee, the American Society 
for Metals named the following to serve 
as officials and trustees for the 1951-52 
term: president: Dr. John Chipman, head, 
department of metallurgy, Massachusetts 


Institute of Technology; vice president: | 


Ralph L. Wilson, Timken Roller Bearing 


Co.; treasurer: Ralph L. Dowdell, head, | 


department of metallurgy, University of 
Minnesota; trustees: George A. Roberts, 
Vanadium-Alloys Steel Corp., J. B. John- 
son, Wright-Patterson Air Force Base, 
Dayton, Ohio. 


57 new standards | 


Pittsburgh, | 












Buying fasteners 
is no problem... .1F 


... your supplier has the 
contact facilities, know- 
how, production set-up— 
and a thorough-going inter- 
est in your individual order. 

Scovill offers you all four. 
Each order is custom tail- 
ored and gets special han- 
dling. We do not run “bin” 
stock—our production is of 
bulk lots only, shipped di- 
rect to the user. 


Have you tried Scovill service? 








Montclair, N. J. 


Los Angeles 


Recessed Head Screws * 
Tapping Screws * 
Machine Screws + Special Cold 
Headed Parts 


Sems 
Standard 


e Detroit 
Cleveland 


Industrial Fastener Sales, Waterville Division 
Scovill Manufacturing Co., Waterville 14, Conn. 





Wheaton, lil. 
San Francisco 
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Want to 
“make up” a motor 
to show off 


your product? 





JACK HEINTZ does it! 


J & H engineers specialize in designing power packages to 
Co I 5 5 I I So 















harmonize with the products they serve. For example, take 


the '4-HP motor we designed for a streamlined food slicing 
machine. Its short, clean-lined housing blends with our 
customer’s modern, well-designed product. Dynamic balane- 
ing to 4% ounce-inch and unusual design features assure 


exceptionally smooth, quiet operation. 





Making Rotomotive devices, tailored to fit, is the kind of 
J & H specially designed motor for food 
slicer manufacturer. Top-quality parts and 


precision workmanship mean years of trouble- modern appearance or unusual compactness, special mount- 
free service life. 


job we do best. Whether your motor requirements call for 


ings or unique wiring, large or small quantities—or any com- 


bination of these—just remember, Jack & Heintz does it! 


For information, write Jack & Heintz...Cleveland 1, Ohio. 


Jack « HEINTZ ‘i 
Here, stator lomination for a motor ere E ewe © 


punched on a high-speed automatic press, 
typical of the kind of equipment that enables 


J & H to mass-produce both standard and : 7 Fs : 4 
custom-built motors. unusual problems of developing power, controlling it, or using it. 





1 Son A ST TI 


i. means electrical, hydraulic or mechanical devices \ designed to solve 


sco 
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to the man who wants 


UNBIASED ADVICE on 
OO CUE es 
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@ What molding material is best? Which is cheapest? 
That's where American Hard Rubber Company serves 


Pegs - so well—and so often. We can select from literally 
es hundreds of hard rubber compounds...many thermo- 
‘ plastics . . .and several unusual materials like Ace- 


Tex or Ace-Hide shown below . .. plus complete facili- 
ties for molding, extruding, machining, finishing, etc. 
Ask our advice. It's impartial. It’s free. 















Many Ace compounds offer 
tensiles to 10,000 psi, excellent 
chemica! resistance, moisture 
absorption as low as 0.04%, 
power factor as low as 0.6% 
«++ molded parts, sheets, rods, 
tubes, linings. coverings, etc. 


HARD RUBBER 
GUN PLATE 






Tough cellulose acetate-buty- 
















rate, high impact up to 9.4 
Izod. Good for housings, con- PARLAN 
trol wheels, handles, etc. cers? 
—_——_ 8 

Polyethylene: tensile to 3.000 

< psi; dielectric to 700 v/mil, PARIAN 

aT unaffected by most acids, al- CHEMICAL 
kalies and salts. Good for VALVE 


chemical, electrical parts. 






New rubber-base material is 
practically indestructible. Im- 
Pact strength to 10.0 Izod. 
Chemical resistant. Good for 
parts that take beating, like 
acid pails, golf-bag tops. chair 


ACE-HIDE 
CHAIR ARM 
PAD 


Not rubber, not plastic, but a 


ers, etc. ACE-TEX 
he TRAY 





n Hard Rubber Company 


TT MERCER STREET - NEW YORK 13, NW. Y. 
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SEND FOR FREE ACE HARD RUBBER 
AND PLASTICS HANDBOOK 













CALENDAR OF MEETINGS 


Aug. 20-23—Pacific General Meet- 
ing, American Institute of Electri- 


cal Engineers, Multnomah Hotel, 


Portland, Ore. 


Aug. 22-24—7th Annual Pacific 
Electronic Exhibit, Western Con- 


vention of Institute of Radio En- 


gineers, Civic Auditorium, San 
Francisco. 





Aug. 27-30—National Technical 
Conference, Illuminating Engi- 
neering Society, Hotel Shoreham, 
Washington, D. C. 


Sept. 10-14—6th National Instru- 
ment Conference and Exhibit, In- 
strument Society of America, Sam 
Houston Coliseum, Houston, Tex- 
as. 


Sept. 17-21—Second Conference 
on Industrial Experimentation, De- 
partment of Industrial Engineering 
of Columbia University, Columbia 
campus, New York City. 


Sept. 25-28—Fall Meeting, Amer- 
ican Society of Mechanical En- 
gineers, Hotel Radisson, Minne- 
apolis. 


Oct. 8-10—Special technical con- 
ference for the aviation industry, 
Air Transportation Committee, 
American Institute of Electrical 
Engineers and Los Angeles Section 
of the Institute, Hollywood Roose- 
velt Hotel, Hollywood, Calif. 


Oct. 8-12—39th National Safety 
Congress and Exposition, Stevens, 
Palmer House, Congress, Morrison 
and LaSalle Hotels, Chicago. 


Oct. 9-12—Convention, The Elec- 
trochemical Society, Inc., Detroit. 


Oct. 10-12—Annual Forum, Por- 
celain Enamel Institute, The Ohio 
State University, Columbus, Ohio. 


Oct. 12-14—Annual Meeting, Met- 
al Treating Institute, Detroit. 


Oct. 13-17—19th Annual Meeting, 
Packaging Machinery Manufactur- 
ers Institute, Mid Pines Club, 
Southern Pines, N. Carolina. 


Oct. 15-19—33rd Annual National 
Metal Congress and Exposition 
and the World Metallurgical Con- 
gress, American Society for Metals, 
Detroit. 


Oct. 22-24—33rd Annual Meeting 
American Standards Association, 
Waldorf-Astoria, New York City. 


Oct. 22-26—Fall General Meeting, 
American Institute of Electrical 
Engineers, Hotel Cleveland, Cleve- 
land. 


Oct. 29-31—20th Annual Meet- 
ing, Conference on Electrical In- 
sulation, National Research Coun- 
cil, National Bureau of Standards, 
Washington, D. C. 
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under 


glass 


Unlike ordinary magnet wire, Vitrotex* is covered 
with alkali-free, flexible fibrous glass insulation — 
bonded with a special, high-temperature varnish. 
This protects windings against hot spots as high 
as 180 C ... provides high flexibility, 

excellent heat resistance and conductivity... 
plus high dielectric strength. 


The bonded insulation with its smooth surface 
successfully resists abrasion, moisture, acids, 
oils and corrosive vapors .. . its remarkably high 
space factor and good “mesh” factor permit 
safer operation at higher temperatures 

in confined areas. 


Contact your nearest Anaconda Sales Office 
or Distributor for information on Vitrotex and 
the entire line of ANACONDA Magnet Wire. 
Anaconda Wire & Cable Company, 

25 Broadway, New York 4, New York. 


51361 


*Reg. U.S. Pat. Off, 





the right wire for the job 
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MOSINEE plants fibres 
for industry 


In Mosinee Industrial Forests, seedlings. by 
the thousands are being planted annually to 
replace the trees used for products of indus- 
try, assuring future supply of fibres vital to 


many products. 


Also, on privately-owned acreage, Mosinee 
supplies the seedlings and know-how to con- 
vert otherwise waste land to fibre-producing 


forests for the future. 


This reforestation is the first step in the 
process of making Mosinee Fibres that 


work for industry. 









MOSINEE PAPER MILLS CO. 
MOSINEE, WISCONSIN 


makes fibres work for industry 
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STANDARDS 


Metallic Electric Conductors—First edi- 
tion of Standards on Metallic Electric 
Conductors issued by the American So- 
ciety for Testing Materials, is now avail- 
able. The compilation presents 215 pages 
covering 43 ASTM standard and tenta- 
tive specifications and methods of test. 
Included are specifications and tests on 
copper, copper alloy and copper-covered 
steel wire; copper stranded conductors, 
rods, bars, shapes, pipes and tubes; alu- 
minum wire, stranded conductors, rods 
and bars; galvanized steel core wire: 
galvanized iron and steel ground and 
line wire. Other specifications cover non- 
ferrous metals, including lake and elec- 
trolytic copper, slab zinc and pig lead. 
General methods include test for resis- 
tivity of conductor materials; tension 
testing of metallic materials and test for 
Rockwell hardness and superficial hard- 
ness. Copies of this publication with 
heavy paper cover can be obtained from 
the American Society for Testing Mate- 
rials, 1916 Race St., Philadelphia 3, Pa., 
for $2.50 a copy. 


Industrial Mineral Wool—An _ industry- 
wide certification program designed to 
assure standard quality and protect in- 
dustrial users of mineral wool products 
went into effect July 1, under the auspices 
of the Industrial Mineral Wool Institute 
of New York. Each carton or section of 
insulation made by the member com- 
panies will carry a label certifying that 
properties exceed minimum requirements 
ot two standards of National Bureau of 
Standards. These are commercial stand- 
ard CS117-49, “Mineral Wool Insulation 
for Heated Industrial Equipment,” and 
CS105-48, “Mineral Wool Insulation for 
Low Temperatures.” Tests are made on 
representative samples in accordance with 
commercial standard CS131-46, “Indus- 
trial Mineral Wool Products, all types; 
Testing and Reporting.” 


Self-Lubricating Bearings—A standard 
just released by the Metal Powder Asso- 
ciation and designated as 14-51T, lists 
and specifies the dimensions and dimen- 
sional tolerances of sintered metal-powder 
oil-impregnated bearings of bronze and 
iron-base types. The standard specifies 
nominal bore, wall thickness, interfer- 
ence, running clearances and press fits. 
Also given are bearing lengths, material 
compositions, and permissible loads. List 
of preferred bearings begins with % in. ID, 
’/1¢ in. OD, % in. length and concludes 
with 3 in. ID, 3% in. OD, 4 in. length. 
Copies may be obtained from Metal 
Powder Association, 420 Lexington Ave., 
New York 17, at $0.25 each. 


Multiple V-Belt Drives—A _ sixteen-page 
manual, “Engineering Standards for 
Multiple V-Belt Drives,” has been issued 
by technical committees of the Rubber 
Manufacturers Association, Inc. and the 
Multiple V-Belt Drive & Mechanical Pow- 
er Transmission Association. The manual 
indicates the proper sheaves and belts for 
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FOR EVERY PURPOSE 


Over a Million in Stock! 


























Whether you require large quantities of relays for exact requirements. Each relay is brand new, stand- 
production runs or single units fer laboratory or ama- ard make, inspected, individually boxed and fully 
i teur work, Wells can make immediate delivery and guaranteed. 
save you a substantial part of the cost. The following list represents only a tiny portion of our 
Our capable engineering staff is prepared io offer relay stock. Write or wire us for information on types 
assistance in the selection of correct types to suit your not shown. 
STOCK D.C. UNIT STOCK D.C. UNIT STOCK D.C. UNIT 
NO. VOLTAGE OHMAGE CONTACTS PRICE NO. VOLTAGE OHMAGE CONTACTS PRICE NO. VOLTAGE OHMAGE CONTACTS _ PRICE 
STANDARD DC TELEPHONE RELAYS R-525 12/24 200 ~~ —— $1.55 W-E-TYPE “E” RELAYS 
R-806 115* 900 1A $2.05 ; low Make . R-736 18/24 600 3c $1.50 
R-161 6 10 2B &1A 1.10 R-794 120 3 Coils, 3B&3A/15 R-585 12 650 2c 1.30 
R-100 24 600 2A &1C 2.45 16 Ohms Ea. Amps.S. Mk. 3.35 R-287 12/24 650 2c 1.30 
R-289 40 3300 5A 2.20 CONTACTORS R-164 24/32 1000 1A 1.50 
R-518 85/125 6500 IC 3.60 R-188 24 200 1A/75 Amps. $3.70 R-646 24/48 1300 1B 1.50 
R-266 150 6500 IA 2.45 R-183 24 60 1A/50 Amps. 3.45 SEALED RELAYS 
R-633 180/350 10,000 1C&5 Amps. 2.90 R-187 24 100 1A/50 Amps. 3.70 n-658 6 35 2C/Octal Plug $3.45 
j R-664 1 10* eee 2B & 1A/ R-554 24 85 2A/100 Amps. 5.90 R-125 24 300 2C /Octal Plug 3 45 
Oct. Skt 2.45 R-788 100* ... 3B & 2A 5.45 / Ve i : 
m R-261 12/24 1900 IC/SPinPlug 3.75 
ee a see r. pp R-682 115* 35 5A/10 Amps. — R-673 48/150 7500 1C/5 Amps 2.80 
: sisie : R-76 24* 20 2A/10 Amps. 3. : 2 
R564 220* ... 1B&3A 2.45 R-180 12 25 14/50 Amps. 4.05 VOLTAGE REGULATORS 
R-667 6 75 1B/10 Amps R-657 24 50 4A/100 Amps. 6.95 R-745 6 2 1A/10 Amps. $1.05 
| 1A/3 Amps 1.45 R-265 24 60 1A/100 Amps. 3.45 R-780 24 350 1C/6 Amps. 1.05 
R-632 8 12 SA &1 1.38 R-535 24 70 14/100 Amps. 4.80 R-509 6/12 35 18/2 Amps. 1.05 
R-154 6 A : R-556 24 70 14/100 Amps. 4.80 
R-517 12 250 2A 1.50 R-557 24 100 1A/50 Amps. 3.85 a-303 12 — ae —— $2.80 
R-777 12/24 70 1A & 1B 1.50 R-178 24 100 1A/100 Amps. 4.80 R.749 600 ines, 20 ten 745 
R-578 24/48 2500 IB&I1A 1.30 R-727 10 20 1A/20 Amps. 1.85 8.804 sso* | 18/38 ‘ iil 4.35 
R-116 85 3000 1B 3.05 R-608 24 25 1A/200 Amps. 2.80 R.250 11s* 11. Adi. Ci — : 
R-583 110 3300 IA 2.20 R-184 28 50 1A/100 Amps. 4.90 . oss 04 16A 17.50 
R-631 100/125 3300 2A 1.90 R-719 24 10 1A/200 Amps. 4.90 R-579 220* —o 8.70 
R-827 150 6500 2A, 1B 2.45 R-182 28 80 1A/25 Amps. 2.40 R-294 27.5 200 1B 5.35 
R-623 150 =©6500 1C & 2A 2.45 R-244 75* 265 1A/20 Amps. 2.20 R-686 115* aC 6.10 
R-571 150 ©7000 1B 2.45 R-659 2 22 2A/20 Amps. 1.70 9.946 Lo . By 
R-565 150 7000 1A & 2B 2.45 R-681 12/15 16 2A/15 Amps. 1.55 R-246A Ws* ||. 1A 11.20 
5 R-345 110/250 7000 IC 2.45 R-552 24 70 4A/50 Amps. 5.35 R611 ase" 14/30 Am 5.35 
f R-124 300 12,000 IA 1.55 R-185 24 100 1A/50 Amps. 3.45 a.283 12 125 so 4m dae, 1.25 
R-S11 24 200 W/MicroN.O, 3.05 R-186 24. 932 1A/50 Amps. 4.35 R.614 18/24 60 1A/15 ae 435 
R-160 6 12 3C & 3A 1.30 R-817 24 150 14/50 Amps. 3.45 8.262 ' 200 ic — fo 
os ; = oo os ore = = a )3=6—a R-245 12 25 4” Micalex Lever 1.20 
R-592 12 160 1B & 2C 1.35 R-223 28 150 1A/40 Amps. R-527 6/12 50/30 ta Sesies. * 120 
R-155 12 100 4A & 4B 1.45 48 VDC. 1.70 Same. e963 seue seo hye 
R-520 200/300 14,000 2C 3.45 R-680 6 3 1A/50 Amps. 3.90 R-255 1A 1.20 
R-159 6 50 2A 1.35 R-677 6 3.5 1A/50 Amps. 3.90 — 75* 400Cyc. 1B, 1A 1.20 
R-158 6 50 4A 1.35 R-532 6 15 1A/50 Amps. 3.90 8.660 3 nes %" Stroke 1:20 
ore 7 = a R-676 2 6 14/50 Amps. R-651 24 100 Solenoid Valve 3.10 
ore oe eek oa 1aun/25A 6=—- 388 R-295 12 275 — Annunciator Drop 2.70 
| SHORT TELEPHONE RELAYS R-678 12 18 14/50 Amps. = 3.90 R-230 5/8 2 2A, 1C 2.70 
R-656 12 100 1A/100 Amps. 2.60 . 
R-635 12 100 IC GVA $1.35 R-813 12. 02 Wafer 5.35 
. R-553 24 55 1A/5 Amps. 4.05 
R-648 12 170 1E 1.35 R.679 24 «80 1A/50 A 3.90 R-275 12 750 1A, 1B, 1C 3.45 
7 R-826 12 150 2, 18 1.55 R.610 24 80 1A DILLER” 60—(ié21083 R-716 24 70 2A/5 Amps. 1.80 
| R-770 24 150 1A/10 Amps. 1.45 R-555 24 100 14/50 Ams 4.80 R-620 6/12 35 2C, 1A 1.30 
R-538 24 180 2A 1.55 t+ 24 150 ‘a ceimees, 4.05 R-629 9/14 40 1C/10 Amps. 1.55 
R-771 24 200 1A/10 Amps. =—-1..45 R-717 24 200 aa sae R-720 24 50 2C. Ceramic 1.70 
R-603 18/24 400 2A 1.55 R.703 12 20 afta se R-500 12 10/10 2C/6 Amps. 3.55 
R-575 24 500 2c 2.40 R.748 24 60 py ag 2:45 R-816 12. 10/15 2C/6 Amps. 3.55 
- mps. . 
1 R-764 48 1000 2C&2A 1.85 R.655 (se 10/50 A 6.05 R-524 tee. . weeneee ; 1.20 
R-563 60/120 7500 1A 1.70 "654 24 150 2A/40 ao. 2.40 R-566 115* Coil Only 1.00 
: R-801 115* ... NONE 1.45 “4 — : , 150 Coil Only 75 
5 R-213 sae 2A 3.10 R-742 24t 70 1A/25 Amps. 3.05 *AC fAC/DC. 
R-690 115* ... 2c 2.45 ROTARY RELAYS : 
F R-589 12 125 2A 1.30 R-709 6/8 1 12 Pos. 3 Wafer $3.90 
r R-113 12 150 4A 1.55 R-197 9/16 70 2c 1.45 j -— 
i R-689 12/24 255 1¢ 1.55 R-713 9/14 125 1C&IA 2.05 en feYN 
R-799 24 500 None 1.00 R-198 9/14 125 38,34, 1C 2.05 Z)) + 
; R-114 24 500 4A 1.60 R-616 28 7 5B & 1A 1.90 Ss 
, R-115 24 500 1c 1.70 R-712 24 200 2B 2.05 asi f 
5 R-110 = 24/32, 3500~—Ss'1C 1.70 R-711 24 200 2C & 16 2.05 - 
;. a.33 150 5000 2A&1C 2.05 R-573 28 200 IC & 18 2.05 
-634 150/250 6000 1A&1B 2.45 R-284 28 200 4C &1 : 
y R-800 12 150 2C&1A 1.55 R-200 24/32 275 3C&1B 2.05 CO-AXIAL RELAY 
t R-537 12/24 150 2C & 1B 1.55 R-766 24 230 12 Pos. 8 Deck. 4.90 D153766 SPDT, 6 VDC. 19 OHM COIL. DE- 
: 5 R-750 24 400 1A 1.60 R-809 28. 7 1B&12Pos.W/ 2.45 SIGNED TO ACCOMMODATE 75 WATTS MAXI- 
) L CTING 7% Sint tor Waters. MUM. PERFECT FOR ALL TYPES OF ANTENNA 
SLOW A DIFFERENTIAL RELAYS SWITCHING. DESIGNED FOR USING STANDARD 
s R-547 24 200 1C-Slow Bk. $1.80 83-1SP COAXIAL FITTINGS. PART OF RAX-1 
2. R-548 48 1000 1B-Slow Make 2.00 R-208 120 2000 2C/3 Amps. = $2.45 EQUIPMENT. NO. R-845—$6.95 EA. 
1 R-128 50 2100 1C-Slow Bk. 2.80 R-209 220/250 8000 1C/3 Amps. 3.10 
, BASIC CONTACT ASSEMBLIES SHOWN IN UNOPERATED NORMAL POSITION 
se Form A—Make” Form B—“Break” * et f 
or (Single Throw, (Single-Throw, Form C—“Break-Make” Form D—‘“Make- + 
od ; Normally Open) Normally Closed) (Double-Throw) Before-Break” Form E— Break- 
+0 t Make-Before-Break 
& 
he } WRITE FOR Telephone 
w- WELLS CATALOG SEeley 8-4143 
al 
or 





833 W. CHICAGO AVE., DEPT. M, CHICAGO 22, ILL. 
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ULLEYS 


they increase production... 
eliminate waste... 


With Lovejoy Variable Speed Pulleys, you 
can operate your machinery at exactly the 


right speed . . . faster to increase produc- 
tion . . . slower to meet varying conditions, 
thus eliminating waste. Changing speeds 
is simple . . . without loss of time due to 
shut-downs. Lovejoy Variable Speed Pul- 
leys are easy to install on new or old 
equipment and they are available in sizes 
from fractional to 8 h.p. 






SEND FOR COMPLETE CATALOG 
AND ENGINEERING DATA 


LOVEJOY FLEXIBLE COUPLING CO. 


5020 W. LAKE ST, CHICAGO 44, ILL. 
Also Mfrs. Lovejoy Universal Joints and Lovejoy Flexible Couplings 




































Casting Resins 
for Embedment 


e Newer techniques for unitized construction, miniaturi- 
zation and printed circuits increasingly employ rigid plas- 
tics embedment for circuit subunits and components. To 
bring readers information essential for evaluating this 
significant development, a 16-page feature article in the 
September issue will: 


1. Analyze the design opportunities for embed- 
ded units, 

2. Evaluate design considerations and casting 
techniques, and 

3. Summarize advantages and limitations and 


property data for the more important casting 
resins. 


Rapid developments now taking place in casting resins 
and casting techniques are adding to the importance of this 
new method. While military design is making extensive use 
of embedment of circuit assemblies, civilian needs for 
mechanized assembly, added reliability and reduced cost 
of maintenance are strong factors behind wider industrial 
applications. The article will feature a number of case his- 
tories in both military and civilian products. 
































































ASTM Prepares To Issue Emergency 
Specifications, Alternate Provisions 

A procedure for the issuance of 
emergency specifications and _ alter- 
nate provisions has been approved 
by the board of directors, American 
Society for Testing Materials. Chief 
immediate activity is expected to be 
limited to the alternate provisions. 
The latter, which will be on a vol- 
untary basis, gives purchasers a 
choice of permissible specifications. 
They are designed to meet urgent 
requests of technical committees in 
fields such as rubber products, steel 
and corrosion-resistant alloys. 

Each emergency alternate pro- 
vision must first have approval by 
letter ballot from the appropriate 
subcommittee of the sponsoring 
ASTM technical committee. The 
provision must also have _ indorse- 
ment of the main committee. If then 
approved by the Administrative 
Committee on Standards, the pro- 
vision will be published with the 
specification affected, either on a 
sticker or accompanying sheet. 

The alternate provisions will be 
printed on pink paper and identified 
by the letters “EA” preceding the 
serial designation of the specifica- 
tion with which they are issued. All 
such provisions are subject to annual 
review and reaffirmation. If a re- 
vision is made, lower case letter “a,” 
“b”, etc., will be added to the serial 
designation. 




























optimum efficiency in various applica- 
tions. Standard dimensions are given for 
sheaves and belts. Tables give service 
factors, prime mover characteristics, belt 
ratings and relation between center dis- 
tance and belt length. Copies can be 
obtained from Multiple V-Belt Drive As- 
sociation, 7 W. Madison St., Chicago 2, 
or from Rubber Manufacturers Associa- 
tion, Inc., 444 Madison Ave., New York 
22, at $1 for two copies. 





Seven-Sided Post Hole—A whimsical 22- 
page booklet entitled “The Strange Case 
of the Seven-Sided Post Hole” draws the 
moral that standards are of universal 
benefit. The story, told in cartoon form, 
relates the pseudo-history of the produc- 
tion of “post holes,” including the sad 
state of affairs that prevailed before vol- 
untary organizations decided to stand- 
ardize on six-sided units. 


Measuring, Specifying Color—Methods of 
measuring and specifying color have been 
approved by the American Standards 
Association and have been published in 
a booklet with three sections. Standard 
Z58.7.1—1951 establishes conditions for 
spectrophotometric measurement of color 
of nonluminescent materials. Standard 
Z58.7.2—1951 establishes a procedure for 
the computation of color specifications 
from spectroradiometric and spectrophoto- 
metric data and a coordinate system for 
the presentation of color specifications. 
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G-E GLYPTAL* VARNISHED CAMBRIC 
PICKED FOR LONG-RUN OPERATION 


Particularly now—when defense production must be kept at a 
peak—G-E Glyptal varnished cambric insulation is specified by 
many manufacturers to assure long, continuous operation of 
vital electrical equipment. 

This Class A material is more than five times as heat re- 
sistant as conventional cloth. It is also highly resistant to oil 
and mechanical abrasion. Because of this, Glyptal-cloth- 
insulated equipment is less likely to fail under overloads or 
when the ambient climbs high. 

Such outstanding performance is the result of treating high- 
quality cambric cloth with famous G-E-developed Glyptal 
varnish. Only cloth of low sizing content is used, to permit 
maximum varnish impregnation and correspondingly high in- 
sulating value. For the Class A insulating cloth you can depend 
on, specify G-E 1780 or G-E 1782 Glyptal Varnished Cambric. 
Write for specifications, prices, etc. on this or any of the top- 
quality G-E insulating materials: Section AA-4, Chemical 
Division, General Electric Company, Pittsfield, Massachusetts. 


* Reg. U. S. Pat. Off. 





You can put your confidence in 
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News of G-E electrical insulating developments that can be important to your business. 














Laboratory chemist tests General Electric var- 
nishes for viscosity—one step in continuous G-E 
quality control. 


@} shows finished G-E varnished insulating 
cloth. 


@_ shows magnified section of low-sizing-con- 

tent base cloth used by G.E., which permits 
maximum varnish impregnation for better 
insulating qualities. 
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Here’s a design that is unique 
among speed reducers... the Win- 
smith Patented Differential Gear. And 
it’s unique in many respects — all 
of them of major importance to 
machinery builder and user alike. 


In a single stage, in one housing 
(which may be the horizontal, ver- 
tical or flange-mounted type), re- 
duction ratios of 1:1 up to 50,000:1 
are achieved smoothly and silently 
... without additional parts! 


The heart of the Winsmith sys- 
tem is a 6-gear planetary element, 
free within the reducer housing to 
float into the most equalized load- 
distributing position, thereby as- 
suring even wear, automatic com- 
pensation and alignment, smooth 
and quiet operation. 


To be fully familiar with Win- 
smith Patented Differential Speed 
Reducers, as well as the features of 
the worm and helical lines, write, 
requesting “Save Through Stand- 
ardization” Folder. It sums it all up 
very briefly. 


WINFIELD H. SMITH CORPORATION 


18 EATON ST. 
Springville (Erie County) N. Y. 
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HORIZONTAL TYPE 
1/10 to 82 hp at 1800 rpm 





FLANGE-MOUNTED TYPE 
1/10 to 50 hp at 1800 rpm 


. TEST 4 
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VERTICAL TYPE 
1/10 to 82 hp at 1800 rpm 





GEAR TYPE 


Standard Z58.7.3—1951 establishes alter- 
native forms for color specification, so 
that the attributes of color perception are 
more directly indicated than by the 
standard color specifications. This 16- 
page booklet may be obtained from 
American Standards Association, Inc., 70 
E. 45th St., New York 17. 
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Polyphase Commutator Machines—by 
B. Adkins and W. J. Gibbs. Cam- 
bridge University Press, 51 Madison 
Ave., New York 10. 230 pp. $4.00. 


This book is written for those interest- 
ed in the application of polyphase com- 
mutator machines, which are modifica- 
tions of induction motors with speed and 
power factor controlled by applying ex- 
ternal voltage to the secondary circuit. 
The machines are classified into three 
main groups: polyphase shunt and series 
types which resemble induction motors, 
except that rotor windings connect to 
commutator; frequency-changer types, 
with both a commutator and set of slip- 
rings; and Scherbius generators, with 
compensating stator windings connected 
to rotor windings through brushes. The 
first five chapters deal with general 
theory of operation of all types. Suc- 
ceeding chapters examine each type in 
turn, describing ~practical arrangements 
for controlling, the theory necessary for 
predetermining the performance, and the 
characteristics obtained. One section of 
the book covers special modifications in- 
cluding phase advancers and _ power- 
factor correctors. The final chapter dis- 
cusses many applications. 


Ball and Roller Bearing Engineering— 
by Dr. Arvid Palmgren. SKF Indus- 
tries, Inc., Front St. and Erie Ave., 
Philadelphia 32. 270 pp. $1.75. 


Textbook, now in second edition, is 
being offered to public for first time. 
Translated from the Swedish, it consti- 
tutes an authoritative treatment of the 
subject. Common bearing types and the 
forces and motions in bearings are dis- 
cussed, along with the carrying capa- 
city of ball and roller bearings. After 
this discussion, bearing selection and de- 
sign for various applications are ex- 
plained. Other chapter headings are 
mounting and dismounting, lubrication 
and maintenance, and bearing failures. 
Bearing tables, conversion values, sym- 
bols and abbreviations are given. 


Mathematical Tables—Published by Le- 
fax Publishers, Philadelphia 7. 176 
pp. $1.50. 


This newly revised looseleaf data 
book contains mathematical tables and 
formulas needed to solve problems in 
arithmetic, geometry, algebra, trigonom- 
etry, analytical geometry and calculus. 
The material is arranged in six-thumb- 
indexed sections for ready reference. 
Sections are: mathematical reviews; 
squares, cubes, square roots, cube roots, 
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The die cast components for grinders here il- With its 50,000 rpm speed this refined Kipp 
lustrated have a requirement basic to hun- Air Grinder is a most valuable tool both in - 
dreds of other components for mass produc- tool making and production work, It is es- 
tion in civilian or military usage — uniform pecially useful for high speed polishing of air- 
accuracy, close concentricity and parallelism, prec ond senna peaiN, 

thread strength and alignment, lightness and For over 20 years, mechanics everywhere 


have been pleased with the variety of work 
that can be done so well with the Kipp 
Grinder. Please include your DO rating when 


ordering, if it can be applied. The current 


solving a: Sen Production problems as the price in the U.S.A. for Model JA is $42.00. It 
Madison Kipp Hi-High pressure die casting 


a7 takes wheels up to 7%”. Other Ki models 
process. : ” 


3 for larger wheels. 


WSs 
MADISON-KIPP CORPORATION 


214 WAUBESA STREET, MADISON 10, WIS., U.S.A. ya 

a ica 
Stl cs cockaeal 

d & ANCIENS ATELIERS GASQUY. 31 Rue.du Marals, Brus- c aT 17 Z 4 a ie 2 , A Tees 

sels, Belgium, sole agents for Belgium, Holland, France, F PTLe Wale FA ia 
and Switzerland. : Experienced om LUB 
oN. COULTHARD & CO. Ltd., Carlisle, England, sole 6s 2 Fil) 

9 s for England, most European countries, India, Aus- Ps OLE oe cana or (4 A 


tralia, and New Zealand. eT Py ra4 Ni 


smooth finish. 


No other process is so flexible; so adequate in 
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Here’s the “Why” 
of Roto-Cone’s 
Superiority... 


V to V DRIVE 
sizes Ye to 15 h.p- 


Te kOe 
yey ot: oT be Ratio 


Straight Line 
SCE ua 





Here is Industry’s most ver~ 
= satile speed control drive. 
= Rack and pinion arrange~ 
— ment, exclusive in Roto- 


one, provides equal and 

sana lateral nna 
of both discs, therefore V- 
belt always travels on a 
fixed center line. Result s = 
maximum, vibrationless = 
transmission of power and = 
== full belt life. No expensive == 
angular base mounting re~ 


quired. 


Write for details and the 
assistance of our speed con- 
trol engineers. 


GERBING MFG. CORP. 


DEPT. C. NORTHBROOK, ILL. 
(Suburb of Chicago) 
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reciprocals, areas and circumferences, 
etc.; five-place logarithms of numbers; 
five-place logarithms of trigonometric 
functions; five-place natural trigonometric 
functions; and hyperbolic functions. 


Proceedings of National Electronics Con- 
ference—edited by publication com- 
mittee, National Electronics Confer- 
ence, Inc., 852 E. 83rd St., Chicago 
19, 542 pp. $5. 


This book contains all 61 papers pre- 
sented at the 1950 National Electronics 
Conference, a few being reproduced in 
abstract, the rest in complete form. The 
general classifications and the number 
of articles in each are: microwaves and 
antennas, 3; magnetic amplifiers, 3; 
dielectric heating, 2; time-position 
measurement, 3; circuits, 4; tube tech- 
nology, 4; television, 3; inspection and 
control, 3; exploration and _ navigation, 
3; research instrumentation, 4; comput- 
ers, 4; electro-acoustics, 3; oscillography, 
4; instrumentation and components, 4; 
nucleonics, 6; industrial control, 3; signal 
generators and analyzers, 3; and gen- 
eral, 2. Principal addresses given at the 
Conference are published in full. Ap- 
pendix includes list of papers published 
in previous issues of these Proceedings. 


Nondestructive Testing in the Economics 
of Production—a symposium. Publica- 
tion STP No. 112, American Society 
for Testing Materials, 1916 Race 
Street, Philadelphia 3. 164 pp. $2.50. 


Six papers in this symposium present 
actual and potential applications for 
recognized methods of nondestructive 
testing useful in increasing quality or 
decreasing costs in production. The first 
paper lists and describes: 12 methods, 
and includes a bibliography of over 400 
references and an extensive list of ap- 
plicable patents. Other papers discuss 
methods of examining welds, cast and 
wrought products for discontinuities. 
Closing author states, “Any engineering 
manager who neglects to exploit non- 
destructive testing in the development of 
a new engineering product or process is 
failing in what well may be one of his 
most vital management responsibilities.” 
A complete and practical discussion for 
product designers. 


Heating, Ventilating, Air-Conditioning 
Guide—by Guide Committee, Amer- 
ican Society of Heating and Ventilat- 
ing Engineers, 51 Madison Avenue, 
New York 10. 1456 pp. $7.50. 


The 1951 edition contains more ma- 
terial, for the technical data selection 
is the largest to date, 1048 pages, de- 
spite space saving by condensation of 
previous text. Additions to technical 
section include a large new psychro- 
metric chart, expanded heat transfer 
analysis, revised data on automatic fuel 
burning. equipment, new information on 
fans, motors and motor control, and new 
codes and standards. The section head- 
ings are as follows: fundamentals, hu- 
man reactions, heating and cooling loads, 
combustion and consumption of fuels, 




















































Standards for 
Electric Motors 


In a ntinuing program of presentir 
latest developments as they took place re 
lating to NEMA Motor Standards, the fol 
lowing feature articles have appeared ir 
ELECTRICAL MANUFACTURING 


; 


Fhp Induction Motors Made in NEMA 
Standard Frames, July 1951, page 92 
An analysis of horsepower assignments 
made by the manufacturers to frac- 
tional-horsepower motors built in NEMA 
frames 42, 48, 56 and 66, in accordance 
with standard methods of rating; table 
lists manufacturers, types made and con- 
struction details 


What Is a “50 C” Motor?, July 1950, page 

103. Fundamental interpretation of mo- 
tor temperctures ratings in terms of 
“hottest spot temperature for various 
classes of insulation, related to method 
of measurement, enclosure and service 
factors 


New Single-Phase Motors in Integral- 
Horsepower Ratings, Apri! 1950, page 82 
and May 1950, page 108. Two-part 
article giving design and _ operating 
characteristics for single-phase capaci- 
tor types with ratings up to 20 hp; per- 
formance data included on comparable 
repulsion-induction types 





Revised NEMA Standards for Universal Mo- 


tor Parts, July 1949 page 102. Detailed 
stator and rotor dimensions correspond 
"gq to SIx nominal stator diameters. tw 


of them new and smaller sizes 


History of the Development and Applica- 
tion of the Electric Motor, May 1949, 
page 76. Survey shows that although the 

practical electric motor is 70 years old 

most present applications were conceived 
before 1900. Pictures and commentary 
trace the development in applications 
to machine tools and appliances; early 
motor types and refinements in design 


Standardization — Its Economic Aspects, 
October 1948, page 124. Importance of 


+ 





standards in mass production, and the 
strength derived from voluntary partici- 
pation. Procedure in developing NEMA 
motor standards is itlined 


New Performance Standards for Polyphase 
Induction Motors, December 1947, page 
94. Experience codified into specific 
NEMA standards for torque, locked-rotor 
current and slip for squirrel-cage_ in- 


duction motors of 1 to 200 hp 


p 


Standards for “’D’’ Flange Motor Mounting, 
May 1947, page 118. New NEMA stand- 
ards announced for universal flange 
dimensions for both horizontal and verti- 
al mounting for frames from 203 to 


C 
505 covering ratings from 1 to 125 hp 


New NEMA Standards for Fractional- 
Horsepower Motors, October 1946, page 
116. Definitions of motor ratings in terms 
of temperature rise, break-down torque, 
speed and locked-rotor current incor- 
porated in new standard: starting cur- 
rent rating designated by code letters 


What are the Reasons for Standardizing 
Electric Motors, August 1945, page 108 
History of standards development start- 


} 





ing in 1908, and the part played by 

NEMA and other industry groups 

Recent article i this list w n- 
cluded in the ELECTRICAL MANUFACTUR 
ING editorial reprint service, and ar 
nounced at the time reprints became 
available. For titles that can still be 
supplied consult the st under Feature 
Article Reprints on page 192. Single copies 
of available reprints may be secured 
without charge b ising ne f the post 
paid return cards included in the Reader 
Inquiry Facility on page !83 of this issue 
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Chelsea Ship’s Bell Clock, The Vanderbilt — 
by Chelsea Clock Co., Chelsea 50, Mass. _ vcunso 
in one piece out of commercial brass by Wo 


Pressed Steel Co., Worcester 6, Mass. 


CLOCK 
=” cee 


REVERE 


COPPER AND BRASS INCORPORATED 


: ) 1801 
Founded by Paul Revere in 
230 Park Avenue, New York 17, N. Y. 





j , it, Mich.; Los Angeles 
lls: A , icago and Clinton, IIL; Detroi pens £ 
_ BoDianee, Mas Chicage New Bedford, Mass.; aig et 
"Te Offices in Principal Cities, Distributors Ever) 


UNDAY 
SEE "MEET THE PRESS” ON NBC TELEVISION EVERY S 


AUGUST 1951 






War Baby 


©TOws intoa 


Clock Case 








During the War, the Worcester Pressed Steel 


Co. worked out a technique for forming 4.5 


howitzer shell cases of cartridge brass. The 


case was 3%” high, 43,4” 0.d., with thin walls’ 


and thick base that included a dificult 
flange, the material for which had to flow 
entirely from the base of the cup. The 
Successful solution of the many problems 
required careful too] design, plus skilled 
contro] of each operation. 

Later the Chelsea Clock Co. asked Worces- 
ter if it could cold-form clock cases out of 
commercial brass. A Study of the clock case 
revealed striking Similarities between it and 


factors resulted in a perfect case, and an- 
other example of the adaptation of war- 
learned skills to peace-time products. 

© If you have problems in connection with 
the fabrication of copper and its ‘alloys, or 
aluminum alloys, remember that the Revere 
Technical Advisory . Service often can be 
helpful. 
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fits | MAN 


— 

= OVER A WIDE 

Sig RANGE JUST 
BY TURNING 


, S 
s 
THE KNOB 


SOUTHCO quarter-turn fasten- 
ers offer double advantages: 

1. quick adjustment so that 
panels of various thicknesses 
are always held tight. 

2. installation simplicity, includ- 
ing elimination of striker 
plates to save time, lower 
costs. 

Available with knurled knob 
or flush, key-operated heads. 

Send for complete informa- 
tion. SOUTHCO Div., South 

Chester Corporation, 1409 Fi- 

nance Bldg., Philadelphia 2, Pa. 


ONE fitarnsau 


panel thicknesses 



































































Baldwin-Tate- 
Emery Testing 







Machines are 
SOUTHCO 
Fastener equipped. Activating knobs 
serve also as handles for lifting and 
holding door. 










systems and equipment, special systems, 
instruments and codes. Catalog data 
section provides reference to products 
of 263 manufacturers of 
equipment and accessories. 


pertinent 





Manufacturers’ 
Publications 





For these selected publications on ma- 
terials, components, technical data and 
engineering services write direct to the 
manufacturer on company letterhead, 
mentioning ELecTRICAL MANUFACTURING 
as your source. 


MANUAL STARTING SWITCHES— 
Bulletin 600 of eight pages describes 
line of manual starting switches for a-c 
and d-c motors of 1 hp or less. Various 
types are specified, including NEMA 
types 1, 4 and 7. The electrical con- 
nections and ratings are given, along 
with approximate dimensions.  Illustra- 
tions show typical applications. Prices 
are listed. Allen-Bradley Co., 1316 S. 
2nd St., Milwaukee 4, Wis. 


SHEET METAL WEIGHT—A circular- 
disk type of calculator determines weight 
of sheet metals, including steel, alumi- 
num, iron, copper, bronze and_ lead. 
When the thickness figure is set opposite 
the width, the weight figure shows oppo- 
site the length. The calculator is made of 
celluloid and measures 4 x 3.5 in. Day- 
ton Rogers Manufacturing Co., 2835 S. 
12th Ave., S. Minneapolis 7, Minn. 


TEXTURED METAL—Design ideas for 
those who use flat rolled metal in their 
products are suggested in 14-page book- 
let on Rigidized metal. Among advan- 
tages noted are improved mechanical 
properties, better appearance and greater 
utility. Technical principle underlying 
structual improvements arising from tex- 
tured surfaces is explained. Many avail- 
able patterns are illustrated, as are the 
applications. Possible fabrication methods 
are listed, along with required ordering 
specifications. Rigidized Metals Corp., 
680-P Ohio St., Buffalo 3, N. Y. 


CONDUIT,. CABLE FITTINGS—Bul- 
letin 65 contains 64 pages listing lock- 
nuts, bushings, elbows, pipe straps, con- 
duit supports, connectors and couplings 
for rigid conduit, for armored and non- 
metallic sheathed cable and for service 
entrance cable; floor boxes, junction box- 
es, tubelets and bending tools. All ma- 
terial is grouped according to type of 
raceway served. Products are shown in 
large illustrations. Charts of connector 
sizes and capacities, strain-relief bush- 
ings and ground fittings are provided. 
Dimensions, capacities, decimal equiva- 
lents, bolt and screw sizes are tabulated. 
The Thomas & Betts Co., Inc., 28 But- 
ler St., Elizabeth 1, N. J. 
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practical imagination 


grafts an insulating skin on metal 


Here is another example of the practical imagination C-D engineers can put to 
work to solve your problems. In this case a heavy electrical connector had to be 
covered with a safe, efficient insulation. The material best suited to do the job 
was C-D Dilecto. 


The next requirement was to make this insulation an integral part of the 
whole piece. Here is where practical imagination went to work. The solution 
was to laminate and mold the Dilecto directly on the metal bar. 


When you have a problem involving plastics—whether it is simple or com- 
plex—be sure to check with C-D engineers for a practical, unbiased recom- 
mendation. They can choose the material best suited to your needs from a wide 
range of grades of five basic plastics to give you any combination of mechanical, 
electrical or chemical characteristics. A call to your nearest C-D office will 
bring you this kind of help any time—all the time. 


DILECTO (Laminated Thermosetting Plastic) 
av cing bette r Pro d CELORON (Molded High-Strength Plastic) 
x0 Ucy. DIAMOND FIBRE (Vulcanized Fibre) 
$ VULCOID (Resin Impregnated Fibre) 
MICABOND (Bonded Mica Splittings) 


CLEVELAND 14 e¢ CHICAGO 11 e¢ SPARTANBURG, S.C. e¢ SALES OFFICES IN PRINCIPAL CITIES. 


¥ : z 
{ PO LOLOL err FIBRE COMPANY 


LITTLE LAMPLIGHTER 
PACKS BIG WALLOP 


with help of Ward Leonard’s 
“Mighty Midget” 


The “lamp-lighter” is an automatic photo-electric con- 
trol for street lights. 

The “mighty midget” is a Ward Leonard heavy-duty 
midget relay. 

The control manufacturer had space limitations, but 
needed high current capacity. The relay has high capacity 
and is small. 

Customer reports “excellent results—no sacrifice in 
performance due to smaller size”’.* 

That’s Ward Leonard “result-engineering”—problems 
turned into perfect performance by the proper selection 
or adaption of electric controls. Write for relay catalog. 
WARD LEONARD ELECTRIC CO., 34 South Street, Mount 
Vernon, N. Y. Offices in principal cities of U. S. and 
Canada. 

*Tabet Manufaciuring Co., Norfolk, Va. 
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Design Trends 


and Transients 
(Continued from page 136) 


Arrow points to high boiling loop in sheathed heating 
element in Hewson Clinitron automatic blood sugar con- 
tent analyzer. 


at various stations. The test tubes are progressively 
heated, steamed to force coagulated protein to the top, 
subjected to subdued heat, then are tilted, shaken and 
cooled by immersion in a bath. If the blood sugar 
value is above a critical level, the solution will turn 
from blue to colorless. 

To permit 30 sec of heating or cooling at each station, 
the turret is driven through a geneva mechanism. Motor 
is a 115-volt, 60-cycle capacitor type, ball bearing 
equipped and mounted vertically. Rated torque is 60 
oz-in. through a 750:1 gear ratio. 

Heating unit is rated at 1250 watts at 110 volts. It 
is so formed as to give three stations where heat is 
applied to the sample in varying amounts. Element is 
guarded by a wire fence and has a reflector slide to 
provide some degree of adjustment due to voltage 
fluctuations. Power is supplied and controlled through 
a fuse-connector plug and cord. A pilot light indicates 
when unit is operating. The machine is portable and 
weighs only 53 Ib. oo00 


Air-Dropped Weather Station 


Explosive charges furnish power required to 
erect an unmanned radio transmitter that re- 
ports on temperature, pressure and humidity 
conditions. 


UTOMATIC broadcasts of weather data are sent 
out from a device, developed by the National Bu- 
reau of Standards, which varies a resistance in a relaxa- 
tion oscillator circuit in accordance with atmospheric 


| changes. This oscillator keys a radio transmitter, trans- 


lating the weather variation into CW intelligence. 
Named the “Grasshopper,” the device can be para- 


| chuted onto inaccessible territory. There it sets itself 


up by means of controlled explosive charges and trans- 
mits weather observations. Designed in the shape of 
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a bomb, and packing its own parachute, the weather 
station loads on the bomb rack of an aircraft. When the 
unit is released, the parachute is automatically opened 
by a line rigged from the aircraft. Simultaneously, an 
electric clock which controls subsequent operations is 
turned on. The landing impact sets off a small explo- 
sive charge which disengages the parachute. Immedi- 
ately or after a pre-set period, another explosive charge 
causes the station to rise to an upright operating posi- 
tion. The charge operates a release, permitting springs 
to pull six legs, shown in Fig. 1, into a tripod position. 
A third explosive charge extends a telescopic vertical 
antenna some 20 ft. The station is then ready for auto- 
matic transmission at intervals predetermined by a 
built-in timing mechanism. 

Transmission of various kinds of information is pos- 
sible, but in the standard design only temperature, 
pressure and humidity data are reported. Separate 
mechanisms responsive to changes in these atmospheric | 
conditions cause associated resistors to vary. At inter- 
vals the timing mechanism turns on the radio trans- | 
mitter, shown in Fig. 2, and connects one resistor after 
another to the transmitter circuit. The emitted signal | 
pulses on and off at a rate proportional to the resistance 
connected. At the receiving station the transmitter pulse 
rate can then be read as temperature, pressure or hu- 
midity. 

The radio transmitter proper consists of a crystal | 
oscillator followed by a radio-frequency amplifier stage. 
A relay in the plate circuit of the separate relaxation 
oscillator turns the crystal oscillator on and off. For 
use as a beacon, the radio transmitter and its control 
mechanisms may, of course, be simplified. 

The clock, in addition to inserting weather-responsive 
resistors into the circuit in predetermined sequence, con- 
nects two other resistors at appropriate intervals. These 





Solenoid Contactors 


eee A-C or D-¢ ee0e multi-pole 
construction ...many more uses 






Now you can get fast, positive, consistent operation on 
a wide range of load and control circuits ... from the finest 
design of solenoid contactor on the market. 

This new Size O a-c contactor brings Ward Leonard’s 
line of solenoid contactors into the 15 ampere range. And 
it comes with as many as 5 poles. Double-break silver 
contacts may be interchanged to form normally-open or 
normally-closed contacts as desired. 

Operating coils are interchangeable with Size 1 con- 
tactor coils. Available also with d-c “power plants”. 

Write for Bulletin 4458. WARD LEONARD ELECTRIC 
co., 34 South Street, Mount Vernon, N.Y. Offices in 
principal cities of U. S. and Canada. 





WARD LEONARD 
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Fig. 1—Experimental model of automatic weather station. 
The station has landed, but the explosion-powered leg- 
release device has not yet functioned. 
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wHEN YOU weep 


TRANSFORMERS 


TO 


INCREASE VOLTAGE 
DECREASE VOLTAGE 


ee 
STABILIZE WOLTAGE 


REGULATE VOLTAGE 


SEND... 

--- JOUR PROBLEM 
to TRANSFORMER 
HEADQUARTERS 


ACME ELECTRIC CORPORATION 


358 WATER ST. 


Ballasts — Radio and Television Transformers — Electronic Transfor- 
mers — Door Bell, Chime and Signalling Transformers — Oil Burner 


Ignition Transformers — Safety Transformers — Voltage Regulating | 


Transformers — Stepdown Transformers — Control Transformers — 
Warp-stop Transformers — Air Cooled Power Transformers. 


+ eR a 


CUBA, N. Y. | 


Acme Electric manufactures Luminous Tube Transformers — Fluores- 
cent Lamp Ballasts — Cold Cathode Lighting Transformers and 


Fig. 2—Inner view of the “Grasshopper,” developed by 
the National Bureau of Standards for the Navy Bureau of 
Ships. The cover has been removed. 


are a reference resistor and an identification resistor, 
both of constant value. The pulse rate produced with 
the fixed reference resistor is observed during initial 
tests of the transmitter. Any subsequent deviation in 
reference pulse rate warns the receiving station that a 
correction factor must be applied to the intelligence 
pulse rates. Such deviation could arise from transmitter 
damage or aging. The identification resistor value is 
selected to produce a pulse rate characteristic of the 
particular station, to permit station identification. 

A special technique insures maximum accuracy of 
the transmitted data despite possible deformation of 
the mechanisms due to landing impact : a buzzer vibrates 
each weather-responsive device for a short time before 
its associated resistor is inserted in the relaxation os- 
cillator circuit. This forced vibration counteracts fric- 
tion, which may have been increased by landing-impact 
deformation. 

The weather station has an output of the order of 
5 watts, a frequency of about 5 mc, and a range of 
more than 100 miles over land. The dry batteries pro- 
vide power for transmission of weather reports at 3-hr 
intervals for more than 15 days. ooo 


Pocket-Size Radiation Meter 


EW detector of atomic radiation developed by the 

Bureau of Ships and Naval Research Laboratory 
for military purposes weighs only 2 lb., replacing a 
Geiger Survey instrument weighing 24 lb. Instrument 
is housed in a waterproof plastic case and powered by 
a pair of ordinary flashlight batteries. It is pushbutton 
operated and instantly indicates the value of radiation 
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VARSLOT 


COMBINATION 
SLOT INSULATION 


for armatures and stafors 

































Varslot is made from 100 percent rag paper 
combined with “Vartex" yellow bias 

varnished cambric. This product is characterized 
by its unusual flexibility, toughness, 


and high dielectric strength. 


© Complete test data 


available on request 


© Agent in all principle cities 


NEW JERSEY WOOD FINISHING COMPANY 


ELECTRICAL INSULATION DEPARTMENT © WOODBRIDGE, N. J. 


Varnished Cambric Cloth 
Varnished Cambric Tapes 
Varnished Duck 


Silicone Varnished Fiberglas 
Silicone Rubber Fiberglas 
Silicone Varnish & Rubber Asbestos 





Varnished Fiberglas Synthetic Resin Extruded Tubing 
Varnished Silk Makers of Synthetic Resinous Tapes 
Varnished Silk Substitute these other Polyethylene, Sheets & Tapes 


Cable Wrapping Tapes quality products “Varslot” Combination Slot Insulation 


ae ee ee a 
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PCC SERIES 
For Use on FS/FD-Type Boxes. 


Pri: 230/460 volts. Sec: 115 volts. 
Secondaries fused for overload pro- 
tection. Capacities 100, 150, and 
250 VA.* 


PCF SERIES 
For In-Compartment Wiring. 


Pri: 230, 230/460, or 575 volts. Sec: 
115 volts. Capacities from 25 to 
250 VA.* 


PCB SERIES 
For Main Circuit Step Down. 


Pri: 230/460 or 575 volts. Sec: 115 
or 115/230 volts. Capacities: % to 
10 KVA. 


*(Continuous duty) 


WRITE FOR CATALOG 


3501 ADDISON ST. + CHICAGO i8 


Precision die molded plastics in small lots are now 
available at the lowest possible die mold cost. This 
new process is primarily for pilot runs in the pro- 
duction of 100 to 5000 small precision plastic mold 
ings for experimental and other purposes where 
conventional type die molds would be prohibitive 


Present mold capacity: 2 ounces, 2 x 4 x 6” 


Your inquiries are invited. 


Dayton RocERS 


MINNEAPOLIS 7, MINNESOTA 


230 


intensity from 0.005 to 500 roentgens per hr. In the 
lower ranges, intensity is also indicated audibly. 
S‘mplicity and portability of this new instrument was 
made possible through the use of a pair of subminiature 
tubes. One is a gas-filled Geiger counter tube with 
enough current to operate an indicating instrument di- 
rectly. The other, a corona voltage regulator tube, pro- 
vides high voltage for the Geiger tube. OOd 


Polystyrene Grille for Air 
Conditioner 

York Corporation’s 34-hp, window-type air condi- 
tioner utilizes a 2-ft long, injection-molded polystyrene 
grille, as shown here, molded by General Electric Com- 
pany. Grille is rotary, and contains 18 small louvres 
mounted on single frame, and adjustable to direct air 
flow either to the left or right. 

Molding and assembly details are as follows: Outside 
frame which holds the rotating mechanism is molded 
in one piece in a one-cavity mold. Frame for the louvres 
consists of two parts held together with screws and is 
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For... 


Gear Reduction Units 
Aircraft Reciprocating Engines 
Automotive Accessories 
Jet Propulsion Units 
Washing Machines 
Standard & Special Machine Tools 
Electrical Power Equipment 
Business Machines 


If you have a shaft sealing problem, Gits experience 
in these and many other specific applications can 
balanced .. . requiring prove of great and immediate value to you. 


only 25% more space Write today for FREE illustrated Brochure, or 
than lip-type seals. send us your seal problem. 


*Cartridge Seal. . . pressure 


GITS BROS.MFG. Co. 


1840 S. Kilbourn Ave. + Chicago 23, Ill. 


Gits Lubricating Devices, 
The Standard For Industry For Over 40 Years 
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FASTER...EASIER 


Aissetibly with 


DRIV-LOK PINS 










% Low Cost 
% Wide Selection of Materials 


* Versatile... Types for 
Most Applications 


% Vibration and Shock-proof 


DRIV-LOK Pins speed assembly be- 
cause they require only a drilled 
hole for installation—no taper or 
size reaming necessary. Drill the so TYPE A 
hole—drive or press in the pin... 

the job is complete. 


Type E DRIV-LOK Pins (illustration j 


at top) find many applications as TYPE B 
pivot pins, T-Handles in tools and 
valves, cotter pins, cross pins, etc. | 


DRIV-LOK Pins are available in 


many types—in carbon steel, stain- TYPE C 
less, alloy and brass; diameters 
from 3¢," to 14", can be heat treated <> 


or plated to your specifications. 
Write for catalog and samples, 


nnn 
DRIV-LOK PIN 


pe ke 6 Ye ee 
a 725 Chauncey St. ¢ Sycamore, Ill. 





giving nature of your fastener 
problem. | 






molded in a two-cavity mold. One mold of twelve cavities 
is used for molding the individual louvres. Small metal 
spring assembly into the end of each louvre supplies 
a tension to hold the louvre in position. 


Bibliography on Electrical 
Insulation 


This annotated bibliography reflects the consistent and 
thorough editorial coverage of dielectric and insulating 
materials presented by ELECTRICAL MANUFACTURING. In 
this continuing program, both basic research and prac- 
tical application are given full editorial weight, and there 
is special emphasis on keeping the reader fully abreast of 
the latest research developments in the newer materials. 
The major materials covered include plastics, synthetic 
rubber and natural rubber as dielectrics, ceramics and 
other inorganic insulation, fibrous-glass insulation, insu- 
lating varnishes and composite structures such as wire 
and cable and laminates. 

Reference to previous issues of ELECTRICAL MANUFAC- 
TURING will also show much significant information on 
selection of insulating and dielectric materials integrated 
in articles on product design development and on com- 
ponent developments. A considerable number of shorter 
“Design Trends” items are not listed below owing to 
space limitation. 


Behavior of Insulating materials at Radio-Frequencies, 
July 1951, p. 107. A Johns Hopkins University report, 
based on a Bureau of Ships research contract. Covers 
16 selected solid materials evaluated at frequencies 
from 60 cps to 18 me. 


Corona Suppression Methods, June 1951, p. 125. The 
basic mechanism of corona and design methods for 
preventing it. 


Safe Use of Plastics—the UL Viewpoint, May 1951, p. 
110. Policies and test requirements for wire insulation 
and plastics. 


Military Specifications Controlling Plastics Dielectrics, 
April 1951, p. 100. Specifications for materials essen- 
tial in electrical and electronic equipment; why and 
how developed, and where applied. 


Electrolytic Corrosion Tests on Pressure-Sensitive Elec- 
trical Tape, April 1951, p. 129. Evaluation of test 
methods leading to conclusion that the “corrosion- 
current” method is preferred. 


Insulation Resistance of Thermosetting Laminates, March 
1951, p. 100. Exhaustive test program report. Empha- 
sis on importance of longtime tests and need for con- 
sideration of service-encountered atmospheric condi- 
tions as prime selection factor. 


Organoboron High-Temperature Resins, March 1951, p. 
113. A short, but significant, “work-in-progress” re- 
port on a new class of resins which is expected to 
provide insulation able to stand up against temperatures 


of 500 C. 


Report on Dielectric Research, February 1951, p. 101. 
On-the-spot review and analysis of papers and dis- 
cussions at the 1950 Annual Conference on Electrical 
Insulation. High-temperature materials continue as 
leading topics; need for fungus protection re-appraised; 
casting resins; advanced test methods. NOTE: The 
annual meetings of the Conference on Electrical Insu- 
lation are considered “the most important single meet- 
ings and sources of reference in the field of dielectrics 
and insulation.” Since 1947 the editors of ELECTRICAL 
MANUFACTURING have presented a unique series of on- 
the-spot reviews of these meetings. Earlier articles 
are: New Directions in Electrical Insulation Research, 
November 1947, p. 79; Research Progress in Dielectric 
Materials, December 1948, p. 112; Research Develop- 
ment in Dielectrics, January 1950, p. 80. 


Polyester-Glass Laminates for Motor Parts, January 1951, 
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TO CONTROL IT! 


ww. 


Feeding America is a big job! And 
today’s farmer needs modern tractors 
to do it! For the most part, tractors are 
controlled by brakes! It takes rugged, 
powerful brakes to steer, stop and hold 
» these hard-working machines. That’s 
/ why so many leading tractor and im- 
' plement manufacturers standardize on 
TDA Brakes. Well-known for safe, 
dependable operation, TDA Brakes 
also offer the tractor user such impor- 
tant advantages as ready accessibility 
of parts and ease of maintenance. 


WHATEVER YOUR BRAKING PROBLEM— 
TAKE IT TO TDA BRAKE DIVISION! 


It’s hard to mame a machine in industry or commerce that Here Are A Few Of The Many Products 
doesn’t have rotating parts! And useful rotation is controlled Which Can Be Equipped With TDA Brakes 
rotation! In most instances, that’s a job for brakes—strong, Centrifuges © Compressors @ Conveyors © Cranes 
dependable TDA Brakes! These advance-designed brakes are Cream separators @ Diesel hook-ups @ Dry cleaning 
the result of TDA’s more than 40 years of braking experience machinery @ Extractors ¢ Hoists ¢ Industrial electric 


combined with the skill and know-how of highly competent 
technicians and engineers. If you have a braking problem— 


trucks e Lathes (automatic) e Looms (textile) ¢e Lumber 
mill machinery © Machine tools ¢ Materials handling 
equipment @ Motors @ Packaging machinery @ Paint 


regardless of its nature and scope—contact TDA Brake Divi- mixers @ Press brakes © Printing presses © Rolling 
sion! They'll be glad to analyze your brake needs and supply mills ¢ Shears ¢ Warpers (textile) © Welding posi- 
equipment precisely engineered for your specific purposes. tieners © Winches © Aviometive © Farm equipment 


Simply mail the coupon below! 






Earth moving equipment ¢ Construction equipment 
Public transportation 


ol ROTA7. 


TDA BRAKE DIVISION—DEPT. E-5 











4, a 
<, N 
Can Brn ASHTABULA, OHIO e 
Please mail brake information on these applications: 
NAME___ - 
COMPANY TDA BRAKE DIVISION 
wy THE TIMKEN-DETROIT AXLE COMPANY 
ASHTABULA, OHIO. 

ADDRESS__ 
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The SCRUGGS MOTOR will help you | p. 84. Properties and applications of new insulating 


materials combining good mechanical strength with 
high arc resistance. 


Fluorocarbon Hermetic-Seal Design, January 1951, p. 

eV € | e 113. Terminal seals molded of trifluorochloroethylene 

resin solve design problems in 400-cycle miniaturized 

transformers operating at temperatures up to 200 C. 

Performance data under 14 different tests. 

@ t t a i i o a C Design Limitations for Ceramic Parts, December 1950, p. 

90. Methods of fabrication and their effect on toler- 

os : ances. JAN design specifications for ceramic insulation. 

eee, “ Coordinating Insulation to Application, December 1950, 

ey ‘. da rae p. 109. Molded insulation at critical points simplifies 

construction, reduces weight in design of high-voltage 
transformers. 


What About Electrets? December 1950, p. 96. An out- 
line and discussion of research and development to 
date, with an annotated bibliography. 

Safeguards for Safety in Electrical Product Design, 
October 1950, p. 160. Where, why and what safe- 
guards are required; how hazards from electrical shock 
are avoided; an analysis of quasi-official regulations 
affecting insulation specification and other factors. 


Fluorocarbon Resins—Properties and Applications Ap- 





Scruggs 4 Pole Shaded Pole 
Motor 110V, 220V, 60 cycles 
AC, Approx. 1700 R.P.M. 


Closed case Ventilated case 


UNUSUAL FLEXIBILITY for a wide range of applications. 
Width of stator and rotor stack, also winding formulae, 
can be varied to give desired performance. 


NEW 4-POINT CAST BEARING BRACKET affords 
absolute, uniform air gap of minimum clearance, maximum 
power and minimum heat. Also, position of rotor within 
stator is centered accurately and permanently. The extra- 
capacity oil cups supply oil for long operations periods. 


SPECIAL FEATURES AVAILABLE include: variations 
in electrical characteristics, rotation, length and diameter 
of shaft, shaft extension, specially ground shafts, geared 
head motors, etc. 





Write for details and sample motor 


Scruggs motors will help you develop better products at 


less cost. Write, wire or phone us today about your appli- The dispensing of liquid and semi-liquid solder- 
cation. Specify exactly what you require. We’ll gladly 


a ( cine : cate 6 ing paste has been found to be a successful applica- 

send you (memo invoice) a sample motor for your specific ° . . . 
requirement. The Loyd Scraggs Co., 1022-82 N. Sixth tion of the automatic filling machine, above, made 
St.. St. Louis 1. Mo by National Instrument Co., Baltimore. Speed con- 
: ; CATIONS trol of 1/30-hp motor varies filling rate from 10 to 
: TYPICAL APPLI ATION Aes : 90 deliveries per min. The motor field is fed from 

Air Circulators ¢ Business Machines « Coolant Pumps ¢ Dictating Equip- é 

ment © Fans and Blowers! Unit Heaters and Coolers « Vending Machines a selenium rectifier and the armature from two 
Wire Recorders * and many others thyratron-controlled 2050 rectifier tubes. Delivery 
ee — volume is varied from 0.025 to 50 cu cm by a 
THE micrometer-type adjustment. A magnetic brake 
7 f ow 4 oe COMPANY stops machine upon release of a foot brake. Unit 


A DAZEY CORPORATION SUBSIDIARY weighs 21 Ib, occupies 8 x Il-in. bench space. 
MANUFACTURERS OF PRECISION INSTRUMENTS SINCE 1934 
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Disassembled view of the Lear F-5 Automatic Pilot 
.. » Fafnir-equipped. 


An important reference catalog 


The Fafnir Instrument Ball Bearing Catalog 
provides valuable data on dimensions, load 
ratings, tolerances, mounting, etc. Also in- 
formation on manufacturing standards and 
illustrations of typical applications. Send for 
a copy. The Fafnir Bearings Company, New 
Britain, Conn. 
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The success of the amazingly-compact, ingenious 
Lear F-5 Automatic Pilot and Approach Control 
Coupler for jet planes is dependent in no small 
degree on the handful of Fafnir Super-Precision Ball 
Bearings illustrated. There are 22 of them in addi- 
tion to standard types used in gear trains and other 
vital spots. The Super-Precision Instrument-type 
bearings weigh less than 4 ounces altogether . . . 
providing the necessary light weight and compact- 
ness as well as accuracy and durability for such a 
miracle of engineering. 

Fafnir makes several series of Extra-Small ball 
bearings in metric bore sizes down to 4 mm and in 
inch sizes to 4”. They’re available with standard, 
special or super-precision tolerances, in various 
constructions. 


FAFNIR 


BALL BEARINGS 


COMPLETE ff — LINE IN AMERICA 





POWDERMET PARTS 


22%, 


PRECISION PARTS ARE DELIVERED READY 
FOR ASSEMBLY WITHOUT FURTHER PROCESSING! 


Gears, bearings, electronic components and small assembly 
parts are fabricated to your specifications and tolerances. You 
avoid troublesome raw material procurement problems, / Dy 
decrease the burden on over loaded equipment in @a=™ VY 
your own plant and reduce costs at the same athe/, 
time. Send for this free booklet today and see how 
“Powdered Metal In Your Production Picture’”’ 
will increase your output! 


POWDERED METAL PRODUCTS CORPORATION Of, Al 


9335 West Belmont Avenue, Franklin Park, Illinois 


PAP 


*Trade Mark 





praised, August 1950, p. 76, and September 1950, 
p. 80. Spurred by military needs, a whole new class 
of high-temperature stable, chemically nonreactive 
materials of high dielectric values is being developed. 
Part I analyzes the unique properties of these resins; 
Part II discusses specific applications: wire insulation, 
liquid dielectrics, film, and molded parts. 


Pressure-Sensitive Adhesive Tapes, July 1950, p. 82. 
Some 40 different types offering improved-insulation, 
faster assembly and compactness; for insulation, lead- 
holding, splicing, color identification; characteristics 
and application tabulated. 


Silicone Rubber Emerges as a Dielectric Material, June 
1950, p. 100. New formulations for insulating inate- 
rials combining wide-range thermal stability, flexibility 
at very low temperature and the resilience of a 
rubbery material. 


Application of Low-Loss Plastics, May 1950, p. 80. Re- 
evaluation of design significance of dielectric prop- 
erties and factors influencing behavior of low-loss 
plastics; new trends in low-loss materials; dielectric 
properties tabulated. 


Ceramics as Insulators and Dielectrics, May 1950, p. 100. 
Data on mechanical strength, resistance to heat shock, 
moisture permeability, relative cost and other factors 
that determine selection of type for custom-molded 
parts. 


Design of Electromedical Instruments, April 1950, p. 
106. Protection against shock is a major problem. 


Nylon Plastics Make Tough Components, April 1950, p. 
110. Case-history report includes discussion of nylon 
for wire insulation and for insulating components. 


Problems in Fungus and Moisture Deterioration, March 
1950, p. 78. Analysis of effect on insulation. Exposure 
test data. Military specifications of selected fungistatic 
coatings. 


Progress in Synthetic Mica, March 1950, p. 99. Com- 
prehensive progress report on coordinated research 
program by government agencies and the Armed 
Services, aimed at large-scale commercial production. 


Electric Blanket P-:otection, February 1950, p. 116. 
Nylon-insulated b anket wire is crux of novel design. 


Practical Factors in Applying Insulating Varnishes, De- 
cember 1949, p. 96. The relationship between the 
chemistry of varnish impregnation and the practical 
aspects of proper selection, application and production 
control. 


Impact of Military Requirements on Product Design, 
October 1949, p. 142. New concepts for performance 
in components and materials, including data on insu- 
lation. 


Vitreous Enamel for Electrical Insulation, September 
1949, p. 80. Suitability of this material for insulating 
components such as high-voltage bushings and her- 
metic multiple-header seals. 


Spin-Test for Armature Varnish, August 1949, p. 124. 
Improved control method for varnish selection in 
motors. 


Magnet-Coil Impregnation, July 1949, p. 110.  Test- 
program report on solventless varnishes in compari- 
son with oil-modified alkyd and oil-modified phenolic 
varnishes. 


Ethoxylenes—New Triple-Function Resins, July 1949, 
p. 78. Detailed property data for dielectric and other 
applications. 


Polystyrenes Appraised, April 1949, p. 84. Detailed 
analysis of standard and experimental types. Prop- 
erties, advantages and limitations related to applica- 
tions, including insulating parts. 


Predicting Insulating Performance by Statistical Analysis, 
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They never miss 


this HEADLINE 
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and the savings in time — and screws — 
make news wherever they see if on 
P-K Size-marked Gear Grip Socket Head Cap Screws 


The SIZE-MARK on Parker-Kalon Socket Head Cap Screws is something 


no workers can miss, whether they are beginners or veterans. 





When they see it, errors and confusion are avoided. Sizes are issued 
correctly, used correctly—there’s no time wasted checking and 
changing, no spoiled work. 

In the tool-crib, the P-K Size-mark speeds up sorting of left-over, 
mixed screws, without the bother of “miking” or gauging. It puts screws 
back in use that might otherwise be discarded because sorting is 
“too much bother”’. 

Only Parker-Kalon offers the Size-mark and Gear Grip on Cap Screws. 
They are wanted, in tremendous quantities, for more of industry’s finest 
products than ever before. For DO or other assemblies, set your standards 
by P-K quality. Your P-K Distributor will apply his long experience 

to your most difficult problems of planning and procurement. 


2 ow 


Parker-Kalon Corporation, 200 Varick Street, 


p.) New York 14, New York. —& oa 

° IF It’s al «s O.K, Sold through Accredited Distributors. « 

; { TRACE manK \ 
RES. U.S. PAT. OFF. 


. ® — . 
; ed 

MORE HELP FOR ASSEMBLY PLANNERS 
, (pla ° The New 
r : : 


P-K Socket Screw Dimension Finder 


1 SOC KET SC x EWS A pocket-size plastic slide chart gives you all 


essential dimensions of P-K Socket Cap 


- Screws, Set Screws, Flat Head Socket Cap 
SIZE-MARKED SOCKET HEAD CAP SCREWS * GROUND THREAD SOCKET SET SCREWS Screws, Stripper Bolte, and Pine Plugs. 


FLAT HEAD SOCKET CAP SCREWS © STRIPPER BOLTS © PIPE PLUGS * HEX KEYS Includes Set Screw Point Dimensions, and 


Thread Length Formula. Available, FREE 
from your P-K Distributor. 
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ING 


PICKERING 


SOLENOIDS 


For DC Circuits 


Pickering engineering service is available 
for special applications where Pickering 
standard Solenoids do not apply. 


For details and literature address Department O 


PICKERING & CO., INC. 


Manufacturers of world-famous 
electro - magnetic phonograph 
cartridges and audio equipment. 


Oceanside, Long Island, New York 


GREATER SECURITY 
FASTEN FAST WITH 
CLARK FASTENERS 


They work easy . . . hold fast and firm 
with a dependability that has been 
characteristic of CLARK 

FASTENERS for almost a 

Century. 


Pea traury hee 


MILLDALE, CONN. 





Casting Resins for Embedment 


Newer techniques for unitized construction, minia- 
turization and printed circuits increasingly employ 
rigid plastics embedment for circuit subunits and 
components. To bring readers information essential 
for evaluating this significant development, a 16-page 
feature article in the September issue will: 


1. Analyze the design opportunities, : 
2. Evaluate design considerations and casting tech- hn 
niques, and | 
3. Summarize advantages and limitations and prop- e 
erty data for the more important casting resins. fe 
Rapid developments now taking place in casting q 
resins and casting techniques are adding to the im- jc 
portance of this new method. While military design c 
is making extensive use of embedment of circuit as- 0 
semblies, civilian needs for mechanized assembly, 0 


added reliability and reduced cost of maintenance 
are strong factors behind wider industrial applica- 
tions. The article will feature a number of case his- 
tories in both military and civilian products. 


April 1949, p. 108. Practical and simple methods 
applicable at any stage of construction of coils or 
windings. 

Testing Varnished Insulation, March 1949, p. 128. Elec- 


trographic printing method for testing both varnished 
paper and fabrics. Test data. 


Bushings for High Altitude, January 1949, p. 111. De- 
signing against corona and radio interference in range 
of 10,000 volts and altitudes of 50,000 ft. 


Polyester Resins for Solventless Insulating Varnishes, 
December 1948, p. 83. Materials that provide 100 
per cent fill of voids. Property and experimental data. 
Application examples and techniques. 


Electrical Insulation—Navy’s Program Moves Ahead, No- 
vember 1948, p. 88. Development of improved glass- ; 
silicone and glass-melamine materials to meet Navy 
requirements for high-temperature operation, fire and 
arc resistance. 


Flexible Cords for Portable Appliances, September 1948, 
p. 78. Selection factors, relating type of cord to | 
specific applications. 


Transformer Size and Weight Reduced with Silicone 
Insulation, June 1948, p. 90. New design based on | 
silicone-resin materials enables operation at higher , 
temperatures, while reducing size and weight. 


Vulcanized Fibre—Arce Quencher and Electrical Insu- 
lator, June 1948, p. 103. Comparison with other insu- 
lating materials; advantages and limitations; applica- 
tions. 


Mica Presents Engineering Problems in Commutator 
Design, February 1948, p. 101. Methods to prevent 
slippage of mica insulation assembly. 


Mica—A Review of Design Factors, December 1947, 
p. 82. Basic properties. Fundamental design and 
selection considerations related to specific applications. 


Factors in Choosing Electrical Insulating Materials, 
August 1947, p. 81. Selected materials evaluated on 
basic mechanical properties, machinability, costs and 
other factors as well as dielectric properties. 


Accelerated Thermal Aging Tests on Silicone Insulation, 
January 1947, p. 118. Results of comparative tests on 
silicone-insulated stator windings and Class B windings 
at elevated temperatures. 


Melamines Fill Tough Insulating Job in Cash-Register 
Motors, November 1946, p. 138. High arc resistance of 
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(Advertisement) 


Universal Clear Lacquer 
Simplifies Job Scheduling 


The feasibility of using the same lac- 
quer for applying clear protective coat- 
ings on a wide variety of metals has 
made possible not only the reduction of 
lacquer inventories, but also the more 
efficient scheduling of finishing jobs. This 
feature of DULAC Clear Universal Lac- 
quer #462 is particularly important to 
job finishing shops, and is also a point of 
considerable value in the finishing rooms 
of fabricating plants handling more than 
one metal. 





Parts of different metals can be sprayed at the 
same time by using DULAC #462. 


SAVES TIME IN COATING 
When DULAC #462 is used, there 


is no need of switching from one lacquer 
to another whenever a batch of a new 
metal is to be finished. Hence the prep- 
aration time in the finishing room can 
be substantially reduced, with more man- 
hours made available for actual produc- 
tion. Jobs involving different metals can 
be scheduled to follow one another with- 
out delay; in the case of very short runs, 
many different metals can even be fin- 
ished at the same time. 


REDUCES CHANCE OF ERROR 


A further advantage of using DULAC 
#462 is that it materially cuts down the 
danger of applying the wrong clear lac- 
quer on a given metal, and thus reduces 
the risk of inspection rejects or service 
failures. 


Technical Data Bulletin #110 on 
DULAC #462 is available from the man- 
ufacturer, Maas & Waldstein Company, 
Newark 4, N. J.; Chicago, 12; Los 
Angeles, 34 
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DULAC CLEAR UNIVERSAL LACQUER #462 
Fully protects almost any metal! 


QThere’s no need to tie up money—and storage space—by stocking a different 
clear lacquer for every metal you coat. The experience of finishing shop after 
finishing shop* has demonstrated that a single lacquer—DULAC Clear Uni- 
versal Lacquer #462-—gives equally outstanding protection on: 


STEEL BRASS BRONZE 
ALUMINUM COPPER CADMIUM 
SILVER MAGNESIUM ZINC 


This M & W lacquer is practically 
water-white in color and forms a 
tough film that resists perspiration, 
stain spotting and corrosion —with- 


stands heat and cold, and has excel- 
lent adhesion to most metals. Applied 
by spray, dip or brush—dries out of 
dust in 5-10 minutes, hard in an hour. 


“Names on reques? 


For complete information, write for Technical Data Bulletin 
#110 or let our M & W technical consultant discuss your require- 







PIONEERS IN 
PROTECTION 












21688 CARROLL AVE, Cmicase 12, LIMOS 
AVIS CO., 10751 VENICE BLVD., LOS ANGELES 24, CAL 
URERS OF INDUSTRIAL FINISHES | 
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DESIGNING FOR DEFENSE? 


UTILIZE COMPACT 


SYNCHRO 


TRADE MARK 


TIMING MOTORS 

TIMING MACHINES 
- CLOCK MOVEMENTS 

D. C. MOTORS 



















































POWERFUL, PRECISE 














SYNCHRONOUS 
MOTORS 
SYNCHRON - synchro- 





nous motors meet your 
requirements for com- 
pact power. Pulls up to 
8 oz. direct load con- 
tinuously at | R.P.M. 
Gear trains can be 
furnished to convert to 
any speed. Unusual ac- 
tions can be incorporated 
in movement. Our engi- 
neers will be glad to 
work with you in develop- 
ing motors for special 
applications. 


Hansen D.C. motors 
powered servo units 
which won Army-Navy 
E. Used also in aircraft 
instruments and radio 
control mechanisms. 






































































































HANSEN 


MANUFACTURING COMPANY INC. 
PRINCETON, INDIANA 


PLEASE SEND ENGINEERING DATA ON: 


1 SYNCHRON TIMING MOTORS 

[1 SYNCHRON TIMING MACHINES 

[CJ SYNCHRON CLOCK MOVEMENTS 

[] MAGNA-TORC DIRECT CURRENT MOTORS 
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melamine resins solves failure problem caused by 
frequent burnouts. 


Glass-Bonded Mica—Its Development and Use, Novem- 
ber 1946, p. 106. Comparative analysis of dielectric 
and other properties of commercial formulations. 
Typical insulation applications. 


Improve Insulation Performance by Rigid Selection of 
Your Varnish, September 1946, p. 102. Classification 
of standard varnishes by type of resin base and by 
film characteristics. Test specifications. Application 
methods and problems. 


Induction Furnace Coils Present Difficult Insulation 
Problem, July 1946, p. 146. Fibrous-glass, phenolio- 
impregnated tape solves problem. 


The Use of Silicone Insulation in Electric Motors, April 
1946, p. 125. An interim evaluation assaying cur- 
rent progress and limitations. 


Zircon Porcelain—New Insulation for New Products, 
January 1946, p. 148. Properties and possible applica- 
tions. 


Synthetic Rubber in Making Good as Insulation for the 
Wire, September 1945, p. 106. Properties and per- 
formance of rubber and rubber-like materials. 


Factors to Heed in Specifying Pressure-Sensitive Tapes, 
April 1945, p. 125. The proper application of these 
materials in magnet-coil construction. 


Chemical Fibers Find Use in Many Electrical Compo- 
nents, March 1945, p. 105. Physical properties of 
fibrous-glass, rayon and other chemical-fiber insulation. 
Also of synthetic-fabric-based plastics laminate. 


Magnet Wire Developments Accelerated by Wartime 
Needs, February 1945, p. 113. Review of basic re- 
quirements, types of wire used, existing and new 
insulations. 


Many of the more recent feature articles were included 
in the EvecrricaL MANUFACTURING editorial reprint 
service, and some are still available as this issue goes to 
press. Consult the listing under Feature Article Reprints 
on page 192. Single copies of available reprints may be 
secured without charge by using one of the postpaid 
return cards included in the Reader Inquiry Facility on 
page 183 in this issue. ooo 





Materials for Fastenings 
in Electrical Applications 
(Continued from page 121) 





bar. Practically none of the commercial fasteners are 
cast. The method used depends on the type and size of 
fastener, the quantity involved, and to some extent 
the material or alloy used. Naturally, the same rules 
more or less hold for special parts that serve as fasten- 
ers and which because of their nature can be made on 
the same equipment, even though requiring special 
tooling and possibly additional operations. 

The term cold forming covers many important operf- 
ations in the manufacture of fasteners such as cold 
heading in which the head is upset and formed and 
sometimes part of the shank is swelled to a larger 
diameter ; extruding in which part of the shank is re- 
duced in diameter; flattening; and thread rolling. 

The operation of thread rolling deserves mention be- 
cause it has become extremely important in fasteners 
for many reasons. The principle of thread rolling is en- 
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wiRING MEANS DEPENDABLE PERFORMANCE 


Underwriters’ Laboratories approved as 
Type TW, with end use approval for 
80° C. operation in air; 60° C. operation 
exposed to oil and in wet locations. Con- 
forms to National Machine Tool Builders’ 
Association Standards. 


IT COSTS LESS 
TO BUY THE BEST 


Es 


This Ingersoll Duplex Horizontal Spindle Traveling Housing Milling 
Machine for rough and finish milling in one setting. It will produce 
either a 16 or 12 cylinder diesel crank case in 1.3 hours. 


Rome Synthinol" 


MACHINE TOOL ana CONTROL WIRE 


Here’s one worry you can forget about—breakdowns in your 
machine tools caused by wiring that won't stand today’s produc- 
tion pace. Leading manufacturers have found Rome Synthinol 
Machine Tool and Control Wire the perfect answer... here’s why. 

Rome Synthinol is a specially developed polyvinyl chloride 
thermoplastic insulation that has proved its ability to withstand 
the abuse of high speed automatic operation in long, tough 
service. It is highly resistant to abrasion, flame, moisture, acids, 
oils, and cutting solutions. It is available, solid or stranded, in a 
wide range of permanently clear colors. Its uniformly small 
diameters save valuable space. 

Consistently high in quality, Rome Synthinol will give your 
machine tools a reputation for dependable performance. For 
the complete story, ask for Bulletin 101. The coupon below is 
for your convenience. *T.M. Reg 


Copper wire mill products are a Controlled Material under N. P. A. 
Controlled Materials Plan... USE YOUR CMP ALLOTMENTS. 


ROME CABLE CORPORATION, Dept. EM-8, Rome, N. Y. °] re) Bae a @ A i i a 


Please send me the Rome Synthinol Bulletin 101. 
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timing 
devices 
for every 
purpose 
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MARK-TIME 


does 
the 
job 





In every industrial and appliance field 
Mark-Time timing devices are known 
for rugged, dependable operation with 
no sacrifice of accuracy. 


Mark-Time timing devices are designed, 
engineered, and manufactured by a 
skilled team of engineers and crafts- 
men. They include spring operated bell 
timers, time switches, and combinations 
of both, designed to meet all specifica- 
tions and requirements where audible 
bell signal or electrical circuit breaking 
is required at the end of a time cycle. 





Let Mark-Time solve your timing prob- 
lem! 


r’ 
MARK TIME] 
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HARTFORD, CONNECTICUT 


in Canode send inquiries to: Ontario Hughes Owens Co. Ottawa, Ontario 
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OUR NEW BABY! 






Did we say Baby — oops; sorry, we meant 
babies, thousands of perfectly formed baby 
Commutators ready to spin for you. We 
believe these are the finest precision built 
Commutators ever made in the '2” size 
range. Naturally we are happy about the 
whole thing and invite you to send us 
your specifications. 
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| tirely that of displacement or reforming of metal m 


contrast to the removal of material as in thread cutting 
or grinding. The stock is rolled out of the roots and 
into the crests of the threads and hence the blank size 
is approximately that of the pitch diameters ofs the, 
thread. The process of rolling a thread with flat diés:’ 
can be readily demonstrated simply by rolling a pencil 
between the palms of the hand. In actual practice the 
forming dies have straight parallel groves inclined at 
the helix angle of the thread: one die is fixed, the other 


_is reciprocated. One stroke rotates the blank four to 


eight revolutions and completes the thread. This method 
of producing threads is superior to cutting or grinding 
because it produces a smoother surface on the thread, 
it strengthens the material in the threads by cold work- 
ing, and is more economical because no metal is re- 
moved and production is much faster, since one fast 
pass between the dies produces the finished thread. 

A brief discussion of the most common materials 
and alloys used in fasteners, many of which have been 
mentioned above, is therefore in order.* These mate- 
rials and alloys are applicable in general to special 


| design fasteners as well as commercial or standard 


fasteners. 


Common Steels and Alloy Steels 


By far the greatest volume of commercial fasteners 
are made from low carbon steels, such as AISI 1112 
or 1020 in the form of bolts, nuts, machine screws, 
wood screws, and rivets. These steels readily form hot 
or cold and machine reasonably well where required. 

High tensile bolts and screws are usually made from 


alloy steels, such as AISI 1035, and usually are heat 
| treated after fabrication. These steels work similar to 


the others with somewhat of a limitation on the ability 


| to cold form and are more difficult to machine. 


Copper and Copper Base Alloys 


Copper is popular for fasteners in electrical equip- 
ment. It cold or hot forms quite easily but is difficult 
to machine such as drilling, threading, tapping, etc. 

Leaded brass (61.5 per cent copper, 35.5 per cent 


| zine, 3 per cent lead) is used entirely for screw ma- 
| chine work. It machines very readily but is not feasible 


to cold form or hot forge because of lead content. 
Cold heading brass (65 to 70 per cent copper, 30 to 


| 35 per cent zinc) is used quite extensively for cold 
| formed and some hot forged fasteners. A_ similar, 








stronger alloy, naval bronze (60 per cent copper, 29.25 
per cent zinc, 0.75 per cent tin) is not used extensively 
in electrical work, but is very popular as a general- 
purpose fastener because of its strength and corrosion 
resistance. 

Low silicon bronze (98 per cent copper, 1.5 per cent 
silicon, other elements 0.5 per cent) is quite popular in 
electrical equipment where strength and good corrosion 
resistance is required. It cold forms quite readily. High 
silicon bronze (96 per cent copper, 3 per cent silicon, 
other elements 1 per cent) is used for similar reasons, 
but is chiefly fabricated by hot forging. Other bronzes 
such as phosphor bronze are used to resist failure due 
to vibration or impact and aluminum bronze for cor- 
rosion resistance, combined with strength and tendency 
to prevent galling in threads under severe stress. 





* See bibliography on design stresses and properties of conducting mate 
rials in ELectricAL MANUFACTURING, June 1951, Page 272. 
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This package (3 coated with 


JAN P-115 
Dip Wax (Amber) 


Note how easily this can be read 
through the transparent coating. 


packaging headquarters 
for government specified materials 


The large unretouched photograph above displays a package that 

has been coated with government specified JAN-P-115 Amber by 

the dip-seal method. Note the complete legibility of the label. 
This is but a single example of the Dearborn line of government 

specified packing materials that are uniform in quality ... easy to THIS BOOKLET 

apply to the products you manufacture. Whether your government WILL HELP YOU 

Orders require rust preventives, case liners, fingerprint neutralizers, the new edition of “Pre- 

wrappers and sealers, Dearborn has them. And, in addition, a venting Corrosion in Ex- 

Dearborn packaging engineer will gladly visit your plant and help aa ee ae 

you plan your packaging operation. ment specifications; (2) cleaning methods; (3) ap- 
This service is designed for any manufacturer... but particularly —_ Preved packaging methods; (4) how to apply rust 

for those with government contracts for export shipment. The cou- — Pevenvesi eee ee 


: , and (6) other valuable information with step-by- 
pon is for your convenience, step picture stories. Write for it today. 


DEABORN CHEMICAL COMPANY 


Merchandise Mart Plaza . Chicago 54, Illinois 


pila |) 


THE ORIGINAL RUST-PREVENTIVE 


Dearborn Chemical Company, Dept EM 
Merchandise Mart Plaza, Chicago 54, 111. 


O Please send a copy of “Preventing Corro- 
sion in Export Packaging.” 


O Have a Dearborn Packaging Engineer call. 
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“Tiny- but Mighty! 


SANGAMO MINIATURE SILVERED MICA CAPACITORS 


i [PA SANGAMO ELECTRIC COMPANY 


% 
Little ye 


In Canada: Sangamo Company Limited, Leaside, Ontario 
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Do a “Heap Big”’ job 
in a minimum of 
space... 


Exceptionally small, easy-to-install capacitors 
that can do a big job in minimum space are a 
helpful factor in speeding production. 


Where space limitations exist, the tiny—but 
mighty Sangamo ‘‘Shawnee,”’ Type RR Minia- 
ture Silvered Mica Capacitor will solve your 
problem without sacrificing stability or high 
quality. These capacitors are designed and 
constructed to meet the Tentative Joint Army 
and Navy Specification JAN-C-5A for the 
CM.-15 case size. Whether you require Sangamo 
RR miniature, or standard size types KR and 
CR silvered mica capacitors, you can safely 
specify any of them for use in all types of 
military, or commercial radio and electronic 
equipment. These and many other types of 
Sangamo Mica Capacitors are fully described 
in Catalog No. 800. Write for your copy. 


SPRINGFIELD, ILLINOIS 


SCEI“GA 


Aluminum 


Aluminum and some of its alloys are becoming more 
and more popular for use in fasteners requiring light 
weight, good strength for its relative weight, and a 
certain degree of corrosion resistance. It is used chiefly 
in two basic divisions: hardenable and nonhardenable 
alloys. The former is most used in fasteners because it 
cold forms quite readily and can be heat treated to give 
good tensile and ductility properties in the finished 
products. The latter is used chiefly in rivets and sheet 
products. 


Stainless Steels 


The field of stainless alloys has been expanding in 
use and application in the last few years. They may be 
in general divided into three basic groups as follows: 
Straight chromium, hardenable. These are used chiefly 
because of their ability to be hardened and tempered 
by heat treatment. The best known AISI types are 410, 
416, 431 and 440. 

Straight chromium, nonhardenable. These are used for 
chiefly economical and ease of cold working and hot 
forging reasons in the stainless steel groups. The best 
known AISI types are 430 and 430F. 

Chromium-nickel, nonhardenable. These are considered 
in general to have the best properties of the various 
stainless steels as far as the ultimate use of the product 
is concerned. They are nonmagnetic. They hot forge 
fairly well and tend to work harden considerably when 
cold worked. They are tough to machine and are abras- 
ive to heading and rolling tools. The compositions in 
the group are often described by the general term “18-8 
stainless steels” which is the average chromium-nickel 
ratio in most of them. The best known AISI types are 
302, 304, 303, 316, 309, 321, and 347. The last three 
named are used where high heat resistance is required. 

There are many special alloys that are often used in 
fasteners for more or less special applications. Many 
of which are manufactured and sold under trade names. 
Typical of these are monel (67 per cent nickel, 30 per 
cent copper, 1.4 per cent iron, 1 per cent manganese) 
used in especially difficult applications, under extreme 
corrosion conditions, and Inconel (79.5 per cent nickel, 
13 per cent chromium, 6.5 per cent iron) used in appli- 
cations where heat resistance is desired. These may be 
hot or cold formed reasonably well but both are difficult 
to machine. oo00 


Applying Magnetic Amplifiers—III 
(Continued from page 112) 


The doubler circuit shown in Fig. 33 is arranged for 
a-c output to the load of the same frequency as the 
supply voltage. The full-wave circuit shown in Fig. 4 
is arranged for d-c full-wave output to the load. The 
load current contains two pulses per cycle of the a 
supply voltage. 

The single-phase bridge connection shown in Fig. 
35 can be evolved from the full-wave circuit by the ad- 
dition of a second rectifier. Working into a resistive 
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MAKE TAYLOR YOUR 


HEADQUARTERS 


FOR FULL-LINE SERVICE 


If you are a hard-to-please customer who 
demands the best in laminated plastics and 
insists on service, why not join the hundreds 
of companies who now enjoy the plus-values 
of Taylor full-line Service? 


Yes, from one supply source you can get Taylor 
Vulcanized Fibre, Phenol Fibre, and Glass 
Melamine and Silicone Laminates in a wide 
variety of grades—in sheets, tubes, rods, strips 
and coils. You'll find a dependable source of 
supply, too, for precision-made parts fabri- 


TAYLOR FIBRE CO. 


NORRISTOWN, PENNSYLVANIA 


WEST COAST PLANT: LA VERNE, CALIF. 


TD 


OFFICES IN PRINCIPAL CITIES 
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cated to your specifications having the physical, 
electrical, mechanical and chemical character- 
istics you require. And, you'll find the engineer- 
ing assistance you need when you're stymied 
with any problem involving laminated plastics. 


Whether we have the opportunity of serving 
you from our main plant at Norristown, Pa., 
pictured above, or from our West Coast 
plant at La Verne, California, you are assured 
of the same Taylor quality products and 
full-scale service. 


Here is the Taylor 62-page 


catalog. It contains specifications 


and description of Taylor 
Laminated Plastics. See for 


yourself how you can make your 
product or part better with the use 


of these plus-value materials. 
Write today for Catalog EM8. 
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Bristol’s Multiple-Spline Socket Screws 


“out-tighten” all other screws 


... Without spoilage 


Exclusive multiple-spline socket permits tighten- 
ing beyond limit of ordinary screws. 

The spline recess turns internal wrenching force 
into rotary motion, not expanding pressure. Hence, 
no bursting, no rounding out of socket walls—even 
in sizes down to No. 0 wire size in socket cap screws 
and No. 2 wire size in socket set screws. 

Result: maximum resistance to vibration. 

Other advantages: ideal for compact assemblies 
and hard-to-get-at fastening points. For disassembly, 
a reverse flick of wrench loosens the set. 


Only BRISTOL gives you the right 
socket screw for every application 


BRISTOL 


Multiple-Spline and Hex Socket Screws... Cap and Set 


SEND COUPON 
FOR FREE SAMPLES 


—also helpful bul- 
letins on designing 
compact, tight as- 
semblies. 


Tue BristoL CoMPANY 
Mill Supply Division 
153 Bristol Road, Waterbury 20, Conn. 
Please send me free sample of Bristol’s Multiple Spline 
Screw and bulletins showing applications to: 


Our problem is mainly VIBRATION [1 
COMPACT DESIGN [] FREQUENT TAKE-APART [] 





load, the performance of the full-wave and the bridge 
circuits are very similar. The bridge, of course, requires 
no center-tapped supply, as does the full-wave. Into 
an inductive load, however, the performance is very 
different. In the full-wave circuit, both of the discharge 
paths for the inductive load contain a saturable reactor. 
The inductive load causes additional magnetomotive 
forces in the reactor core, giving an unstable amplifier 
exhibiting a type of trip action. The bridge circuit, on 
the other hand, contains discharge paths that do not 
include reactors. Hence, it is usually used to contro] 
an inductive load. The operation of the full-wave circuit 


D-c control 


A-c supply : 


D-c control 


A-c supply 


Fig. 37 — Push-pull self-saturating magnetic amplifier 
circuits. (A)—A-C output, common load. (B)—D-C out- 
put with resistor mixing circuit and common load. 


can be corrected by the addition of a discharge (back J 
or free-wheeling) rectifier across the inductive load. J 
A three-phase bridge connection with d-c output 
is shown in Fig. 36. The load current contains six pulses 
for every cycle of the a-c supply, as an examination of 

the circuit will show. 

Fig. 37 shows push-pull circuits arranged for revers- 
ible-phase or polarity output. At A is an a-c output cif 
cuit and at B a d-c output circuit. These circuits are 
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improve your product with ~ 


MYCALEX is a highly developed glass-bonded ing new efficiencies, improved perform- 

mica insulation backed by a quarter-century of ance. The unique combination of characteristics 
continued research and successful performance. that have made MYCALEX the choice of leading 
Both pioneer and leader in low-loss, high fre- electronic manufacturers are typified in the table 
quency insulation, MYCALEX offers designers for MYCALEX grade 410 shown below. Complete 
and manufacturers an economical means of attain- data on all grades will be sent promptly on request. 


MYCALEX is efficient, adaptable, 
mechanically and electrically superior 
to more costly insulating materials 


@ PRECISION MOLDS TO 
EXTREMELY CLOSE TOLERANCE 
@ READILY MACHINEABLE 
TO CLOSE TOLERANCE 
@ CAN BE TAPPED THREADED, 
GROUND, SLOTTED 
@ ELECTRODES, METAL INSERTS 
CAN BE MOLDED-IN 
@ ADAPTABLE TO PRACTICALLY 
ANY SIZE OR SHAPE 


MYCALEX is available in many grades 
to exactly meet specific requirements 


CHARACTERISTICS OF 
MYCALEX GRADE 410 


Meets all the requirements for Grade 
L-4A, and is fully approved as Grade L-4B 
under Joint Army-Navy Specification 
JAN-1-10 


Power factor, 1 megacycle 0.0015 
Dielectric constant, 1 megacycle 9.2 
Loss factor, 1 megacycle 0.014 
Dielectric strength, volts/ mil 400 
Volume resistivity, ohm-cm 1x 10!5 
Arc resistance, seconds 250 
Impact strength, Izod, 

ft.-lb/in. of notch 0.7 
Maximum safe operating 

temperature, °C 350 
Maximum safe operating 

temperature, °F ; 650 
Water absorption % in 24 hours nil 
Coefficient of linear expansion, °C I x 10°8 
Tensile strength, psi 6000 


MYCALEX is specified by the leading 
manufacturers in almost every electronic 
category 


SINCE I9I9 


TRADE MARK REGUS P. 





TRANSFORMER WITH MYCALEX-METAL 
ASSEMBLIES TO GIVE TIGHT SEAL 


oe ese eesroeeee ec eee#eee#e#@®@ 





TERMINAL BASE ASSEMBLY 


CONDENSER WITH MYCALEX 
FOR FIRE DETECTION EQUIPMENT 


LOW-LOSS END PLATES 
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MULTI-POSITION LEVER 


TUBE SOCKET OF MOLDED 
SWITCH WITH MYCALEX SPACERS 


MYCALEX FOR HIGH FREQ. USE 
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Owners of ‘MYCALEX’ Patents and Trade-Marks 
Executive Offices: 30 ROCKEFELLER PLAZA, NEW YORK 20 —Piant & General Offices: CLIFTON, N.J. 
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USE ENTIRE ROD OR CUT TO 
SUITABLE LENGTHS FOR STUDS, 
HANGERS, SPACERS, SUPPORTS, Etc. 


Pheoll continuous threaded rods have a broad 
tange of applications where standard screws 
and bolts cannot be used. Made either in 
steel or brass, these fully threaded rods may 
be cut-to-| to fit individual needs. They 
are especially useful for holding or attach. 
ing parts onto uneven and irregular surfaces 
opens threaded section must be 
accurately controlled. 

A stock of both brass and steel threaded 
tods is important to have in any metal 
working shop where threaded studs are 

tepeatediy used. The standard length 
of continuous threaded rod is 24” 
diameters range from No. 6 to %” 
screw sizes. 


Rods with standard or ial diam- 
eters and pitches; single or double 
lead threads or left hand threads, 
in steel, brass, copper and other 

metals in lengths to six feet are 
made on special order. 


YOUR SOURCE FOR:.. 


© Roll threaded 
wires and studs 

® Adjusting screws 

© Special threaded 
fasteners 

© Screws ¢ Bolts ¢ Nuts 


ry 
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ACTURING COMPANY » °Zpo Roosevelt Rood 


Industrial Fasteners and Holding Devices 
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Thermostats 


CONDUCTION or BI-METAL 


Types 


Base plate in full area contact with 
heated surface results in minimum 
overshoot, smaller cycling differen- 
tial, faster response. Can be sup- 
plied pre-calibrated to any desired 
range from 70°F. to 600°F. with 
shaft height optional up to 2” 
overall. Adjusting set screw permits 
trimming to close limits. 


Rating: 1200 W_ 115-230V AC- 
1500W Available 


Dimensions—End Mounting Type: 
Length 27%”, Height 13/16” not in- 
cluding shaft, Width %%”, Mounting 
Centers 2-9/16”. 


Side Mounting Type: 
Length 214”, Height 13/16” not in- 
cluding shaft, Width 134”, Mount- 
ing Center 1-1/16”. 


A compact, durable bi-metal type 
Thermostat. Maximum sensitivity. 
Welded terminal lugs and contacts. 
Rating: 1200W 115-230V AC 


Operating Range: 70° F to 600° F. 
‘Dimensions: Length 1-15/16” incl. 
terminals, Height 34” without shaft 
which is optional up to 2” overall, 


Width %”, Mtg. Center to adjust- 
ment shaft 11/16”. 


Write for Detailed Design Data and Latest Price Schedule 


AMERICAN GENERAL THERMOSTAT CORPORATION 


2064 BRONX STREET NEW YORK 60, N. Y. 
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Self-Saturating Magnetic Amplifier Rating 
Factors Defined 


Rated Supply Voltage is the voltage at which the mag- 
netic amplifier is capable of operating continuously at 
rated frequency and with rated load resistance for any 
values of output and control currents within its rating, 
without exceeding the established rating of any of its 
components. 

Rated Frequency is the frequency of the supply volt- 
age. 

Rated Load Resistance is the resistance specified as a 
basis of the rating. 

Rated Output Current is the greatest value of current 
that can be carried continuously, with all control wind- 
ings carrying rated current simultaneously, without ex- 
ceeding the established rating of any of the components. 
The rms value of current is specified for magnetic am- 
plifiers with a-c output, while the average value of the 
current is specified with d-c output. 

Rated Control Current is the greatest current that can 
be carried continuously by the control winding, with all 
other currents at their rated values, without exceeding 
the established rating of any of the components. 

Rated Volt-Ampere Output is the product of the rated 
load resistance and the square of the rated output current. 

Rated Temperature Rise of the components of a mag- 
netic amplifier are in accordance with established rise 
ratings for the components (saturable reactors, rectifiers, 
resistors, etc.). 


arranged to give an output whose polarity is sensitive 
to the polarity of the signal and whose magnitude is de- 
pendent on the magnitude of the signal. 

As compared with the va rating of the amplifier in 
each side, the output va rating of the push-pull a-c 
circuit is about 50 per cent while the d-c circuit is about 
20 per cent for the conditions shown, where there is 
only one load. When the load can be split or divided 
into two separate parts, or center-tapped, the relative 
va rating of the d-c push-pull circuit becomes 100 per 
cent of the rating of the amplifier in each side, while 
the a-c output circuit remains at 50 per cent. O O O 


In the concluding article in this series, modes of operation 
of magnetic amplifiers with feedback and with self-saturation 
will be discussed. 


Electrical Properties of 
Glass-Fiber Paper 


(Continued from page 97) 


plate, securely clamped to prevent either displacement 
of the electrodes when being tested or of swelling dur- 
ing the impregnating procedure. The units were placed 
in vacuum dessicators and evacuated to less than 1 mm 
pressure while heated to a temperature of 165 C; after 
being kept in this condition for 16 hr, the units were 
filled with the desired impregnant (Aroclor, silicone, 
castor oil, or mineral oil,) cooled and evaluated as a 
capacitor. 

These units were tested over a temperature range 
of —20 C to +120 C using General Radio GR 740-B, 
GR 544-B bridges, a G-E high-voltage a-c test set and 
a universal voltage breakdown test set. The electrical 
characteristics of the impregnants are listed. Due to the 
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THE NEW ) TAILORED TO YOUR JOB 
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INDUSTRIAL TAPES 








Sealing the cargo compartment of a pressurized plane cabin with Polyken No. 223 


The tape that put a safety belt 
around an airplanes air! 








Thanks to pressurized cabins—and a new kind of tape— for this important job on Douglas Aircraft today. 
the only breathtaking thing about the high-altitude Got a tough job for tape? 
_ flights of Braniff International Airways is . . . the service . 
uni clun sntiaiaie We tell you the Braniff story as an example of how tape 
nt 3 ~ kes that’s ‘‘tailored to your job’’ can do things you never 
Yes, we said tape. For tape has proved to be not only ; ; s ’ 
ir- ; ; dreamed tape could do. Let us study your problem, and 
the best but the most economical material for sealing up ‘ aati ; 
ed aera > ‘ we'll come up with a tape that will save you money, time 
door cracks, seams, and all air ‘‘escape’’ routes around a a ae : 
1m ; ' ; : ' and effort. That's a challenge. Won't you take us up on it? 
ai plane's pressurized cabin. For a job as vital as this, ; 
fb Braniff sought out a ‘‘tape tailored to the job.” 
it Our engineers suggested Polyken No. 223. This tape, one GET THIS FREE BOOKLET! To help you 
a of over 100 special Polyken tapes, sticks and stays stuck— find the tape ‘‘tailored for your job,"’ write for 
in hot or cold, at ground level or 20,000 feet up. What's your free copy of “Tape is a Tool.’’ Address 
ge more, its tough cloth backing conforms to irregular sur- Polyken, Dept. EM-H_ W. Adams Street, Chicago 
B faces and is extremely resistant to abrasion. 6, Illinois, or see your Polyken distributor. 
nd Small wonder that Polyken No. 223 is the tape specified 
cal 
the Polyken Industrial Tape, Department of Baver & Black, Division of The Kendall Company 
A 
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GOOD Sheet Metal Fabrications 


UNUSUAL SKILLS and FACILITIES 








HOW'S THIS 
for QUALITY? 





SHEET METAL FABRICATIONS}TOj3 /16” 


Our many years of business has brought not only 
an extensive knowledge of sheet metal fabrica- 
tion but also a large stock of dies from past 
jobs that are often converted to new designs. . . 
saving time and money for our customers. Write 
us today—ask for quotations on your housings, 
cabinets, etc. 





and a new added facility 
e ALUMINUM SPOT WELDING e 
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RIESTER & THESMACHER 
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CLEVELAND 13, OHIO 
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Table [V—Comparison of Power Factors of 
Kraft and Glass-Fiber Papers with 
Indicated Impregnants 


Paper Mineral oil | Castor oil 


Kraft paper 
Glass-fiber paper 


thickness of the paper and consequently the inability 
to duplicate experimentally any of the usual accelerated 
life-test procedures, none were made, it being unclear 
to the authors just how the results could be interpreted. 
Some results obtained are presented in Fig. 3. 

It is evident that a gamut of properties may be ob- 
tained by simply changing the impregnant where rela- 
tively low dielectric constants are required to insure a 
resistance to transient phenomena, but where thermal 
stability is essential the glass-fiber paper impregnated 
with silicone oil might prove useful. On the other hand 
when only high capacitance and low losses at elevated 
temperatures are required, Fig. 3 together with Table 
IV demonstrate that the glass-fiber paper compares 
well with Kraft paper. 


Conclusions and Recommendations 


From the foregoing results it would appear that the 
development of mechanically strong tissue from glass 
fibers would result in thermally stable, low-loss elec- 
tronic capacitor and cable dielectrics. While such thin 
paper is not presently available, it seems probable that 
the development of fibers of finer diameters will permit 
investigators to produce the desired item. In the mean- 
time, by employing various and sundry organic and in- 
organic resins and binders, products of moderate 
strength and reasonable thermal stability may be pre- 
pared for use as insulation on wires and cables and as 
spacers and segment armor in motors, generators and 
in transformers. oo0 
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When insulation must stand 500° Heat 
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--- look oI RVINGTON’S Class “H’°’ Line 


Whether you are winding for service at high ambient temperatures 
— for increased continuous power ratings — for greater short-time 
overload capacity... 
Or designing for space-and-weight savings . .. 


You will find the Class “H” insulation you want in the complete 
Irvington line. 





Depending on service requirements, your high-temperature insula- 
tion job may call for Silicone Varnished Fiberglas*, in yard goods, 
tape or tubing forms; Silicone Glass Mica; Silicone Saturated or 

Silicone Coated Asbestos; Silicone Rubber Coated Fiberglas; 
Silastic* * Tape, Teflon Coated Fiberglas. 


We make them all — we're ready to help you use each to best advan- 
tage. Write for a free copy of our book — Irvington Class “H” Insu- 
lations — it contains samples. Perhaps you'd prefer to talk with one 
of our engineers. The coupon below is for your convenience. Send 


it today. No obligation. ool 
*Owens-Corning Fiberglas Corp. **Dow Corning ; 











Irvington Varnish & Insulator Co. EM-8/51 


Send this convenient coupon now ; ©A Arsyle Terrace, Irvington 11, N. J. 


Please send me a free copy ae I'd like to see one of your 





i 

i 
| i of “Irvington Class ‘H’ engineers. Please have him 
Insulations”’. phone or write for an ap- 

roiungton - 

Name........... alee etait a ele a a 
VARNISH & INSULATOR COMPANY er Poe So ee , 
6 Argyle Terrace, Irvington 11, New Jersey ! i eicciescecicstinsaimstag eam MMe ere 































































Perfection ‘through 
inspection in every 


DANO COIL! 
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Inspection and testing! No Dano coil can be 
“shipped out” unless it passes methodical testing and 
inspection in all vital stages of production operations. 
That’s why you can always be sure of perfect per- 
formance in every Dano coil. 


Dano coils are the finest in quality and dependability, 
and Dano is fully equipped to make every coil to your 
exact specifications—even to the extent of specially 
treated coils deeply impregnated in wax or varnish 
in vacuum impregnation tanks and cured in heat con- 
trolled ovens. 


Send us samples or specifications 
with quantity requirements for our 
recommendations. No obligation! 


e Form Wound e Bakelite Bobbin 

@ Paper Section e Cotton Interweave 

e Acetate Bobbin e Coils for High Tem- 
@ Molded Coils perature Applications 


Also Transformers Made to Order 


THE DANO ELECTRIC CO. 


93 MAIN ST., WINSTED, CONN. 
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Effects of Voltage Spreads 
on Motors and Control 


(Continued from page 101) 


is de-energized. In cases where electronic equipment is 
expected to operate at overvoltages in excess of 5 per 
cent for appreciable lengths of time, special considera- 
tion should be given to voltage correction. 

In most modern plants, using load-center power dis- 
tribution systems, the actual voltage spreads encoun- 
tered will be within the ranges shown in Table IV. 
However, there are many old plants throughout the 
country with large low voltage systems. The long low 
voltage feeders found here often cause voltage drops that 
result in very low voltage at utilization equipment. 

The majority of industrial plants are not bothered by 
unbalanced voltages. In some cases, open-delta connec- 
tion of transformers and voltage regulators, and single- 
phase loading of three-phase systems will tend to in- 
troduce a few per cent of voltage unbalance. 

The foregoing is intended as a guide to the perform- 
ance of electric motors and control under operating 
conditions. Some indications are given as to what volt- 
age conditions can be expected. However, wherever 
possible, equipment performance should be predicted 
with specific information at hand as to the voltage 
spreads that will be encountered. 

Where the voltage spreads are too great for proper 
equipment operation, some form of voltage regulation 
should be applied. For large apparatus, or where the 
poor voltage condition will have wide spread effects, the 
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METERING OUTFITS, outdoor — oil 
filled; Type PCW — 14.4 to 69 kv. 








Over 400 Rating 


FIT MOST DESIGN NEEDS! 


ID YOU KNOw that Allis-Chalmers 
builds an extremely wide line of 
Designer's transformers? 


Whether your need is for current or 
potential transformers, either indoor or 
outdoor — or metering outfits, you will 
profit three ways when you call on the 
Allis-Chalmers source of supply. 


1, TOP QUALITY — Uniformly high 
accuracy . . . liberal reserve thermal capa- 
tity are proven characteristics of Allis- 
Chalmers instrument transformers. 


ALLIS-CHALMERS 


SOLD AND APPLIED BY AUTHORIZED DEALERS, AND DISTRICT OFFICES THROUGHOUT U. S., SERVICED BY CERTIFIED A-C SERVICE SHOPS : 
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INDOOR CURRENT, for heavy duty me- 
tering; Type MKE — 5 kv. 





INDOOR CURRENT, for heavy duty me- 
tering; Types K2E — 8.7 kv, and K3E 
— 15 kv. 


2. GOOD DELIVERY ... CERTIFIED 
SERVICE — There are A-C Sales Offices, 
Authorized Dealers, warehouses, and 
Certified Service Shops throughout the 
nation. Immediate shipment on many 
popular ratings and sizes. 


3. WIDE SELECTION — The Allis- 
Chalmers standard line fills practically 
every power need . . . special designs 
built to meet unusual applications. 


For Details call your nearby Allis- 
Chalmers Sales Office or send coupon. 














INDOOR POTENTIAL, 200 VA, fused or 
unfused; Type PD — up to 14,400 volts. 


INDOOR CURRENT, for low voltage me- 
tering; Type KLW — 600 volts. 





' ‘Allis-Chalmers : 
: Milwaukee 1, Wis. ; 
i 1 
§ Please send new 32 page Bulletin : 
| 6187168, listing types, ratings, applico- 5 
a tions and prices of Allis-Chalmers In- 18 
: strument Transformers. ; 
i ‘ 
' i 
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Your logical 
SOURCE 
—for all tape 
requirements! 


Good workmanship 
in wiring calls far 3 
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JR BEST BUY IN ELECTRICAL 


ACCURATE FRICTION TAPE 

High grade rubber carefully com- 
pounded with finest cotton base pro- 
vides maximum mechanical protec- 
tion for every wrap. Made in Stand- 
ord and A.S.T.M. grades. 

















ACCURATE RUBBER TAPE 


Features high elasticity, excellent 
cohesion, high dielectric and super 
gaging qualities. Available in Stand- 
ord and A.S.T.M.-A.A.R. grades. 


- no finer tapes 
at any price! 


For big wiring jobs or small, Accurate is the 
choice for positive tape protection. Both 
friction and rubber are strong, pliable, easy 
to apply. Accurate tapes make accurate 
wraps — pull tight and clean over irregular 
surfaces. When you order tape, mention 
Accurate by name. It’s the one sure way to 
complete tape satisfaction. For a complete 
guide to tape selection and tape buying, ask 
for the new Data Folder. Accurate Mfg. Co., 
Garfield, N. J.—address inquiries to Dept. ., 






combination of thin — 
, good mechan-. 
ical and dielectric 
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corrective 


operator will probably be willing to take the necessary 
measures. There are several methods avail- 
able for correcting plant voltage. The selection of over- 
size equipment may be the best solution in certain rare 
cases, however. 

In smaller equipments, where very accurate voltage 
control is necessary, regulation can be built into the 
overall apparatus. Automatic voltage stabilizers (6) 
are available in sizes up to about 5 kva for single-phase 
circuits. These stabilizers are sometimes known as 
constant voltage transformers. They contain no moving 
parts but depend on the properly coordinated character- 
istics of reactors and capacitors for their operation. For 


larger circuits induction voltage regulators can be 
used. Besides holding constant voltage, such regulators 


can be made to adjust to any desired output voltage. 
000 
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Vinyl Plastics for Rigid Parts 
(Continued from page 116) 





sistance of rigid polyvinyl chloride makes it suitable for 
instrument and business machine cases, and similar uses. 
The transparency and full range of colors are additional 
advantages. 

Undoubtedly, other uses in wire and cable, as well as 
other fields, will be developed as experience and knowl- 
edge is gained about rigid polyvinyl chloride. Although 
Geon 404 is already in commercial production, it is as 
yet available only in limited quantities and only for the 
development of military and other essential applications. 
Goodrich technical facilities are available to assist design 


engineers in investigating potential applications. OOO 
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Looking tor a material 
to withstand 


EXTREME THERMAL SHOCK? 
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IS_ Your answer | 


100 cycles without harm— 
From a furnace at 
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into liquid air 
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Liquid 
AIR 
with no failure, and no 
apparent damage to 
the STUPALITH ceramic 


Remarkably low thermal- 
expansion characteristics make 
STUPALITH ideal for applica- 
tions where conditions of 
extreme thermal shock are 
present. 


Stupalith may be formulated 
and processed to possess Zero, 
Low-Positive and Low-Nega- 
tive expansitivities. Formed by 
conventional methods—press- 
ing, extrusion or casting 

STUPALITH may be machined 
or ground to precision toler- 
ances. Can be safely used at 
temperatures up to 2200° F. 


The demonstration described 
in the illustration at the left 
shows the amazing ability of 
STUPALITH to withstand ther- 
mal shock. 


We will be glad to send you a copy of Bulletin 
849, which gives full details of this remarkable 
group of ceramics. 
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STUPAKOFF 
PRODUCTS 


for Electncal and 
Electrones Agaicatk 


ASSEMBLIES—-Stupakoff assemblies in- | 
clude Induction COILS for radio recéivers 
and transmitters; SHAFTS for air-tun-_ 
ing condensers; METALLIZED PLATES . 
for making fixed rigid assemblies, 


CERAMICS—Stupakoff has long been a 
leading supplier of ceramic products for 
a wide variety of electrical and electronic 
applications—precision made for all volt- 
ages, frequencies and temperatures. 


RESISTOR CERAMICS— Stupakoff 
Temperature-Sensitive Resistors are 
used for temperature indicating or meas- 
uring equipment such as Radiosonde, 
for infra-red light source and for heating _ 
elements. Supplied complete with termi- 
nals, in the form of rods, tubes, dises, 
bars, rings, ete. 


SEALS—KOVAR METAL TO GLASS 
—Terminals; Lead-ins; Standoffs—for 
hermetically sealing for mechanical con- 
struction in radio, television, electronic 
and electrical apparatus. Single or multi- 
ple terminal units, in a wide variety of © 
sizes and artings. 


KOVAR METAL—Kovar is the ideal 
alloy for sealing to hard glass. Used for 
making hermetic attachments for elec- 
trical and electronic products. Available — 
in the form of rod, wire, sheet, foil—or 
as cups, eyelets or other fabricated shapes. © 
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EASY TO USE 
Save valuable pro- 
duction time by fast, 
installation with the 
full-opening design of Unimax 
AN-type metal-cased precision 
switches. See (below) how their 
unique features help speed pro- 
duction. 
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EASY TO CHOOSE 


There’s a Unimax switch for just 
about any use you can think of. 
Catalog 50-12 gives dimensions 
and operating characteristics. 
Conversion list 51-6 shows AN 
numbers and corresponding Uni- 
max numbers. 





WRITE TODAY for 
your FREE copy of cata- 
log, AN conversion list, 
or both. 


S 


W UNIMAX 


DIVISION OF THE W 


SWITCH 


MAXSON CORPORATION 


460 WEST 34th-ST., NEW YORK 1,N.Y. 


contains a detailed analysis of the problems related 
to the formulation and processing of plasticized and 
unplasticized vinyl resins. ) 





Miniaturized Amplifier Designed 
for Automatic Assembly 


(Continued from page 93) 





procedure* has been modified to permit the use of steel 
cases so that low-frequency magnetic shielding is pro- 
vided. As is customary with this type of impregnation- 
sealing, the terminals are affixed to a terminal board 
mounted on the core before the potting operation. The 
use of this type of sealing saves considerable space over 
that required for glass hermetic seals and has greater 
sturdiness and lower cost. 


While the incorporation of the radial terminal plan in 
the transformer and choke design was relatively straight- 
forward, a different solution was required for the 40-mf 
electrolytic capacitor. A tantalum electrolytic was chosen 
to extend the operating temperature range of the am- 
plifier and to conserve space. However, since this item— 
which was in the early stages of production—could not 
be obtained readily in the specified size and radial term- 
inals, it was necessary to modify existing capacitors with 
the phenolic adapter ring and terminals as shown in Fig. 
10. It is expected that future production will make use 
of the correct-size unit, factory equipped with suitable 
terminals. While this type of capacitor is usable up to 
200 C the present temperature environment may be seen 
by reference to Fig. 2. A space saving of 53 per cent has 
been achieved at present on this item and more is ex- 
pected in the final design. 

The smaller resistors and capacitors used in the min- 


*Solventless polyester resins (such as Westinghouse’s Fosterite and 
General Electric’s Permalfils) are permitted in the specifications.—The 
Editor 





‘ig. 9—Cased transformers at left show size reduction 
accomplished in bringing this unit down to the cylindri- 
cal module required for integration into the assembly. 
Units before potting are shown at right. Weight of minia- 
turized unit is brought down to 50 grams for a 70 per 
cent reduction; volume is 1 cu. in. for a 75 per cent 
reduction in the size of a conventional unit. 
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Help Cut the Costs 


of Cutting 
Metals 


@ Every compliment users bestow upon the Stone “‘Swing- 
Cut” Metal Cut-Off Machine is also a tribute to R & M 
Motor Parts which power this versatile unit. A 16-inch cutting 
wheel, turning at 2380 r.p.m., cuts bars, rods, tubing, pipe, 
structurals, etc., at an average speed of only four seconds for 
each square inch of metal. That gives you a good idea of why 
Stone came to R & M. 


THERE’S NO SUBSTITUTE FOR EXPERIENCE 


And, like so many other manufacturers, Stone Machinery 
Co., of Manlius, N. Y., found R & M engineering a welcome 
aid in solving exacting problems. For, in addition to standard 
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YOU GET EXTRA PROTECTION FROM motors and motor parts from 1/200 to 125 h.p., Robbins & 

DAMAGE BY MOISTURE IN NEW Myers has long been famous for meeting specific requirements. 
R a M "‘ALL-WEATHER’’ MOTORS Note the small size of the Stone 5 h.p. motor. It’s high- 
5 Stondord R & M Integral Motors ere now come torque, induction, with a rotor speed of 3500 r.p.m., and a 
pletely “Weatherized"—at no extra cost to you. geared-in-head reduction. 

Inside and out, they're fully protected from harm- 

ful rust and corrosion. Get the money-saving rCE AA “AL ECRAE 

facts today on these exclusive, long-service bene- THESE MOTORS ARE SALESMEN, TOO 


fits. Write for Bulletin E-400-M, ; 
On permanent tools or portable types where the powering 


must be right, you'll find R & M Motors have what it takes 
for the utmost in performance. They make good friends for the 
equipment they drive—and they also make friends for us. 
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ROBBINS « MYERS - INC. 
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Aolds! Ezects! Mounts! | 
Alden Noiseless Fuseholder 


Wherever you need a quality 
fuseholder to hold fuse tight, 
eject burned out fuse and fit 
into standard assembly tech- 
niques, it’s the Alden 440FH 
Series Noiseless Fuseholders. 
Eyelets, rivets or spot welds 
to chassis using same tools 
as other components. Over- 
comes UL objections to fuse- 
holders that loosen when held 
by nuts or friction fasteners. Positive 
U-shaped contacts assure noiseless fused 
circuits. Safety features assure trouble- 
free performance. 





Arc slot in cap takes coin or screw 
driver for quick and easy replacement 
of fuse. 


Internal split ferrule automatically opens 
and reengages threads on knob at 3 in. 
lb. turning force—assures controlled con- 
tact pressure—no fuse breakage. 


Ejector spring facilitates fuse removal— 
prevents rattle — assures even contact 
pressure with fuse length variations. 


New! Developed on a government minia- 
turization contract, Indicator Fuseholder 






440-3FH spots fuse that has blown. . . . 
Neon indicating bulb glows showing 
burned out fuse. 


Contacts are U shaped to 
allow easy removal of fuse 
if it breaks from heat of 
a 








strong and light 
with twice the bite 


Sargent Bernard Diagonal Cutting Nippers No. 177 


Thousands of Bernard nippers and pliers are making work 
faster and easier for men and women on production 
lines everywhere. 


Increase production with compound leverage spring handle 
nippers. Less fatigue, more speed. 


A better tool by — 


Only Sargent Bernard nippers have 
work-saving compound leverage. Ask 
your supplier or write for catalogue. 








Builders Hardware and Fine Tools since 1864 





Double leverage for extra power 


Sargent & Company 


New York, New Haven, Conn., Chicago 








Fig. 10O—A different solution was required for the 40-mf 
tantalum electrolytic capacitor. Still in early stage of pro- 
duction, this unit was not available with radial connec- 
tions. A phenolic ring and terminals were added to adapt 
the unit to a cylindrical module. Space saved compared 
with a conventional capacitor was 53 per cent. 


iaturized unit are not particularly notable except that 
it was found helpful to choose reliable types having leads 
somewhat smaller than called for in JAN specifications 
in order to speed up the first assembly operation. Sev- 
eral suitable brands of wire-wound and vitreous carbon 
resistors (8) as well as hermetically sealed metallized- 
paper capacitors (9) are on the market. 

As miniaturized, the amplifier is designed for the 
same level of maintenance as the original unit. The case 
is removable with a single wing fastener ; the conductive 
wrap can be partly unsoldered or it may be cut away so 
that any component may be replaced; connections can 
be soldered in the conventional manner, replacing the 
strip conductors with wire if these are accidentally de- 
stroyed. The unit as developed is intended for rugged 
military application. 

For the broader implications of this development, the 
product has been designed first and foremost for easy 
manufacturing without sacrifice of durability, miniature 
size and maintenance. Product, process and method have 
been developed compatably but not inseparably. Most, 
if not all, electronic components may be side-terminated 
and are thus amenable to rotary automatic soldering. 
Sections of larger electronic equipment may also be de- 
signed in hopper-assembled cylindrical plug-in units. 
This particular soldering machine, with additions of 
heads and cam changes, can accommodate packages of 
various lengths, terminals, and diameter. Further, the 
flexible electromechanical principles may be applied in 
designing machines for other shapes. 

The amplifier structure itself demonstrates a useful 
module in which the component blocks are approximate- 
ly 1 cu in. and 1 oz. The diameters used within and 
without are in '-in. fractions common to ‘vacuum tube 
envelopes. It has been established elsewhere by the 
writer that the small cylinder has the best external heat 
transfer coefficients for miniature unit assemblies. (10) 
Where maximum permissable skin temperatures have 
already been reached—as in this unit—the interstices 
between cylinders may be used as gaseous or liquid 
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SO FAR THIS YEAR. fA/W/LECTRIC Wire SYSTEMS nave saveo 


vr $950,000 in PRODUCT WIRING COSTS 


FOR MANUFACTURERS OF ELECTRICAL 
AND ELECTRONIC EQUIPMENT 
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While Maintaining 
Uncompromising Wiring Integrity — Custom Quality — 
Through Unique Engineering and Mass Production Techniques* 


How is Cost Reduction Attained ? How is Wiring Integrity — 
1, UNILECTRIC WIRING SYSTEMS are de- Custom Quality — Maintained? 
signed especially to simplify product assembly, UNILECTRIC Wiring Systems give you all these 


reduce production time and put your in-plant 


factors necessary for complete Wiring Integrity. 
labor to more effective use. 


1. Specialized wiring engineering experience 
2. UNILECTRIC'S large-volume use of materials that assures most efficient circuit design. 
(100,000,000 feet of wire in 1950) affords 
price savings unavailable to individual manu- 
facturers using smaller quantities. 


2. Selection of components that best meet over- 
all application requirements. 


3. Analysis of components to establish indi- 


3. Modern high speed, automatic equipment and vidual adequacy without waste. 


UNILECTRIC-designed assembly machines 


provide substantial production cost savings. 4. Mass production techniques that — qual- 
ity control on hundreds of production se- 
4, Constant improvement In production meth- quences simultaneously. 
ods and skills — the result of specialized pro- 


5. Meticulous care in each assembly operation. 


duction engineering — assures steadily de- 
creasing costs. 6. Supervision by personnel with wiring know- 
how. 
5. UNILECTRIC has developed new components , : ’ 
which simplify wiring assembly and field ser- 7. Inspection and re-inspection. 
vicing, and result in cost reduction. 8. Guaranteed workmanship and materials. 


COST REDUCTION and WIRING INTEGRITY are inherent in UNILECTRIC’S 
WIRING KNOW-HOW. They result from nine years of constantly serving hundreds 

of leading manufacturers of electrical and electronic equipment . . . and extensive 
current and World War II experience producing wiring systems for RADAR, RADIO, 
TANKS, FIRE CONTROL MECHANISMS, MOTORCYCLES, INSTRUMENTS 
and other Armed Forces equipment. 


[ 

I 

. * Savings for individual customers depend on volume. Actual customer reports 
1 available on request. If your Defense or Civilian Products require wiring of any 
kind, your costs can be reduced. Write for details today. 


| [ffrmeeran (RING SYSTEMS 
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. UNITED MANUFACTURING & SERVICE CO. ¢ 403 SOUTH 6TH STREET, MILWAUKEE 4, WIS. 
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WOOD SCREWS 
LAG SCREWS 
MACHINE SCREWS 
SPECIAL SCREWS 
MACHINE SCREW NUTS 
TAPPING SCREWS 
DRIVE SCREWS 
STOVE BOLTS 
CAP SCREWS 
PIPE PLUGS 
THREAD CUTTING SCREWS 
PHILLIPS AND SEMS SCREWS 


ELCO ‘tio SCREW CORPORATION 
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ducts with high transfer efficiency. 

In evaluating the cost and efficiency of the techniques 
applied, process control and inspection time as well as 
labor has been considered. Uniform wiring as well as 
component design simplify control from parts to finished 
product. The whole operation can be planned and 
scheduled with a sizable elimination of human_pro- 
duction effort. OO0 
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Casting Resins for Embedment 


Newer techniques for unitized construction, minia- 
turization and printed circuits increasingly employ 
rigid plastics embedment for circuit subunits and 
components. To bring readers information essential 
for evaluating this significant development, a 16-page 
feature article in the September issue will: 

1. Analyze the design opportunities, 

2. Evaluate design considerations and casting tech- 
niques, and 

3. Summarize advantages and limitations and prop- 
erty data for the more important casting resins. 


Rapid developments now taking place in casting 
resins and casting techniques are adding to the im- 
portance of this new method. While military design 
is making extensive use of embedment of circuit as- 
semblies, civilian needs for mechanized assembly, 
added reliability and reduced cost of maintenance 
are strong factors behind wider industrial uses. 
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